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“…let us also recommend to ourselves concerning the earth, not to be 
curious about what its substance is; nor to wear ourselves out by 
reasoning, seeking its very foundation… Therefore, I urge you to 
abandon these questions and not to inquire upon what foundations it 
stands. If you do that, the mind will become dizzy, with the reasoning 
going on to no definite end.” 
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ABSTRACT 
 
Dating of remnant detrital zircon from high-grade metasediments of the Harts Range 
Group (HRG) in central Australia shows that the sedimentary protoliths were deposited 
during the Neoproterozoic to Cambrian, demonstrably younger than Palaeoproterozoic 
metamorphic rocks of the surrounding Arunta Inlier. The inferred depositional age of 
the HRG indicates that it was deposited at the same time as sedimentary rocks of the 
former Centralian Superbasin, now represented by the Amadeus and Georgina structural 
basins adjacent to the Harts Range. Detrital zircon data from the sedimentary rocks in 
these basins show that both the unmetamorphosed and high-grade metamorphic 
sequences shared common source regions and display similar provenance changes with 
time. These similarities imply that the HRG is the high-grade metamorphic equivalent 
of the Centralian Superbasin, meaning that the well-studied patterns of sedimentation in 
the basin can be used to constrain tectonism that occurred at mid- to lower-crustal levels 
in the Harts Range. The detrital zircon data indicate that the HRG extends at least 100 
km east of the Harts Range, possibly grading eastwards beneath cover into 
unmetamorphosed sedimentary rocks of the Warburton Basin. 
 
Granitoids from the lower part of the HRG have Early Cambrian crystallisation ages of 
~520 Ma, around 45 million years older than metamorphism recorded by metamorphic 
zircon, which has ages between ~475-460 Ma (the Larapinta Event). The granites 
appear to have been derived from partial melting of their Early Cambrian host rocks and 
were coeval with mafic magmas, forming a bimodal igneous complex. During the Early 
Cambrian, deposition in the Centralian Superbasin adjacent to the Harts Range was 
clastic-poor and was accompanied by a marine transgression in the southern part of the 
Georgina Basin, implying that the Harts Range region was actively subsiding. Deeper-
water pelitic sedimentation in the Harts Range area at this time and the presence of 
bimodal magmatism are consistent with an extensional setting for Early Cambrian 
partial melting and magmatism, here termed the Stanovos Event. Continued extension 
and subsidence resulted in the formation of a shallow marine seaway across central 
Australia in the Early Ordovician, below which granulite-facies metamorphism of the 
HRG took place at ~10-12 kbar (~30-35 km). This metamorphism was accompanied by 
the formation of a pervasive layer-parallel foliation and the intrusion of syn-tectonic 
mafic dykes. Rare metamorphic and igneous zircon ages at ~475 Ma possibly date peak 
metamorphism of the Larapinta Event, while widespread metamorphic zircon 
overgrowths at ~460 Ma are probably related to retrograde metamorphism. Burial of the 
HRG to lower crustal levels is interpreted to have taken place in a rift or transtensional 
setting, implying that burial took place primarily by sediment loading within an actively 
subsiding basin (the Irindina sub-basin). 
 
The ~30-35 km depth of metamorphism indicated by thermobarometric data imply that 
the Irindina sub-basin was deeper than any other known basin in Earth history. Potential 
field modelling of magnetic and gravity data was unable to distinguish whether a 
prominent linear gravity high in the Harts Range region is due to a preserved thick 
remnant of the Irindina Sub-basin or a large mafic body in the lower crust. However, the 
intensity of the anomaly indicates that a large accumulation of mafic material is present 
at depth, consistent with the interpreted rift setting for both the Stanovos and Larapinta 
Events. U-Pb zircon dating of the Entia Gneiss Complex and adjacent Strangways 
Metamorphic Complex shows that Larapinta Event had little effect on the 
Palaeoproterozoic basement adjacent to the Irindina sub-basin, with evidence limited to 
 ii 
rare Early Ordovician isotopic disturbance. This is consistent with the interpretation that 
the Larapinta Event took place within the lower part of a deep sub-basin rather than as a 
result of a contractional event that would have affected both the basement and cover 
sequences. 
 
Basin inversion and uplift closely followed the retrograde phase of the Larapinta Event, 
culminating in the Alice Springs Orogeny at ~400-300 Ma. The HRG was exhumed at 
this time and thrust over Palaeoproterozoic basement of the Entia Gneiss Complex 
along a major crustal detachment. Metamorphic zircon overgrowths between ~360-330 
Ma in both the basement and cover sequences, and granitoid intrusions in the HRG at 
~360 Ma confirm that the Alice Springs Orogeny was a major tectonothermal event in 
the Harts Range region. U-Pb dating of monazite indicates that the Entia Gneiss 
Complex was pervasively reworked by a flat-lying kyanite-grade foliation at ~336 Ma, 
which was subsequently deformed into a complex domal culmination, the Entia Dome. 
The flat-lying foliation and doming possibly reflecting extensional collapse towards the 
end of the Alice Springs Orogeny, following a prolonged period of N-S to NNE-SSW 
directed contraction. 
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Chapter 1 
 
Introduction and geological overview 
 
 
 
1.1 Introduction 
The recent discovery of Early Ordovician high-grade metamorphism in the eastern 
Arunta Inlier of central Australia has required a radical re-evaluation of the Palaeozoic 
tectonics of the region. Previously, it was universally accepted that metamorphism of 
the Harts Range Metamorphic Complex had taken place during the Palaeoproterozoic, 
at a similar time to high-grade metamorphism elsewhere in the Arunta Inlier (e.g. James 
& Ding, 1988). However, the first geochronological studies to target metamorphism in 
the complex showed that this granulite-facies metamorphism, termed the Larapinta 
Event, took place between ~475 and 460 Ma (Mawby et al., 1999; Hand et al., 1999a,b; 
Buick et al., 2001a). Perhaps even more unexpected were initial detrital zircon data 
which suggested that the sedimentary protoliths to these metamorphic rocks (the Harts 
Range Group) were not deposited in the Palaeoproterozoic, but as recently as the 
Cambrian, indicating that rapid, deep burial and metamorphism occurred during a 
period previously considered to be tectonically quiescent (Buick et al., 2001a,b). 
 
Peak metamorphic conditions during the Larapinta Event reached ~800 °C and ~10-12 
kbar, indicating a burial depth of 30-35 km (Oliver et al., 1988; Miller et al., 1997; 
Mawby et al., 1999). This burial was interpreted to have occurred in an extensional 
setting, with peak metamorphism occurring beneath a shallow marine seaway (Hand et 
al., 1999a, b; Mawby et al., 1999; Buick et al., 2001a, b). If the protoliths to the Harts 
Range Group were indeed deposited in the Cambrian and buried during extension, this 
suggests that the primary mechanism for sediment burial was progressive sediment 
loading, rather than tectonic thickening of the crust as a result of convergent tectonism. 
The burial of sediment to mid-crustal levels by this process implies the presence of a 
sedimentary basin with a thickness of 30-35 km, deeper than any known in Earth history 
(Buick et al., 2001b). 
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This project aims to further constrain the nature of Palaeozoic tectonism in the Harts 
Range Metamorphic Complex, and thereby evaluate whether deep sediment burial and 
high-grade metamorphism took place during crustal extension. The results of this study 
have wider implications for similar moderate- to high-pressure metamorphic terrains, 
which are conventionally interpreted in terms of convergence, particularly in the 
Proterozoic where there are typically fewer geological constraints. 
 
The first part of this study focuses on the relationship of the Harts Range Group to the 
adjacent sedimentary basins. If the Harts Range Group can be demonstrated to be the 
high-grade metamorphic equivalent of the basin sequences, then the relatively well-
studied basins can be used as a means of constraining the timing and nature of 
tectonism. Alternatively, if the metasediments are unrelated to the basins, this would 
imply that the Harts Range Group is allochthonous, with relatively few constraints to 
indicate an extensional setting for metamorphism. Detrital zircon data have been 
collected from both the high-grade and unmetamorphosed sequences to evaluate the 
possible correlation, with the expectation that if the sequences are related they will 
contain similar age populations. The detrital zircon data also provide a means of 
constraining the depositional age of the sedimentary protoliths to the Harts Range 
Group, and provide an additional constraint on the tectonic evolution of the sedimentary 
basins, tracking uplift and subsidence in their source regions. 
 
The second part of the study examines the structural and metamorphic evolution of the 
Harts Range Metamorphic Complex. Although there has been considerable work carried 
out on the metamorphic petrology of the complex, the timing of tectonism during the 
Larapinta Event and Alice Springs Orogeny is still imprecisely known. Constraining 
these events more precisely will allow the evaluation of the relationship between 
deformation in the lower-crust and its expression in the overlying sedimentary basins. 
The timing of tectonism has been constrained by U-Pb dating of metamorphic zircon 
and monazite as well as felsic magmatism related to the metamorphism. 
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1.2 Thesis outline 
This thesis is presented as nine chapters: 
 
Chapter 1 presents a geological overview of the Arunta Inlier and Harts Range 
Metamorphic Complex. It reviews previous work in the area and discusses some of the 
questions raised by recent geochronology. 
 
Chapter 2 outlines the methodologies used in this study, including the rationale behind 
the sampling strategies and the laboratory techniques used. 
 
Chapter 3 presents the results of systematic detrital zircon dating of the Amadeus and 
Georgina basins adjacent to the Harts Range. The data provide a reference against 
which detrital zircon data from the Harts Range Group can be compared and tracks the 
effects of tectonism on the former Centralian Superbasin, including later basin inversion 
during the Alice Springs Orogeny. 
 
Chapter 4 presents the results of dating of remnant detrital zircon in metasediments of 
the Harts Range Group to characterise its provenance and determine its spatial extent. 
The results are compared with those from the Amadeus and Georgina basins to evaluate 
the possible correlation between the high-grade metamorphics and the 
unmetamorphosed sedimentary sequences. Where possible, zircon overgrowths in the 
metasediments have also been dated to constrain the timing of metamorphism. 
 
Chapter 5 focuses on the early tectonothermal history of the Harts Range Group, 
presenting the results of dating of granitic gneisses and granites whose structural 
context suggests that they were emplaced during the earliest phases of tectonism. 
Thermobarometric data are also presented which constrain the depth at which these 
magmas crystallised. The results reveal that a previously unrecognised phase of high-
grade metamorphism and magmatism took place ~45 million years before the Larapinta 
Event. 
 
Chapter 6 examines the timing and nature of tectonism and deformation associated with 
the Alice Springs Orogeny. Geochronological data are presented which constrain the 
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timing of high-grade Palaeozoic reworking of the Entia Gneiss Complex, suggesting 
that the Larapinta Event did not affect the basement rocks. The ages of granitoids and 
pegmatites emplaced during the Alice Springs Orogeny are also presented, and their 
implications for the interpretation of regional cooling patterns and deformation. 
 
Chapter 7 presents the results of potential field modelling of gravity and magnetic data 
for the Harts Range Metamorphic Complex. The aim of this modelling is to constrain 
the current geometry, and test the nature of a major gravity anomaly which might 
represent a mafic keel to a rift or a thick wedge of preserved Harts Range Group. 
 
Chapter 8 presents geochronological data for Palaeoproterozoic basement gneisses in 
the eastern Arunta Inlier. The first part of this chapter presents age data for 
quartzofeldspathic gneisses that constrain the spatial extent of the Harts Range Group 
and Larapinta Event. The second part of the chapter presents the results of a follow-up 
study on an area to the northwest of the Harts Range, where a basement-cover sequence 
has been recognised in Palaeoproterozoic rocks of the Arunta Inlier, providing valuable 
information on the nature of the late Palaeoproterozoic Strangways Event. 
 
Chapter 9 synthesises the results of the study of the Harts Range Metamorphic Complex 
and discusses the implications for other high-grade metamorphic terranes. 
 
Appendix 1 lists U-Pb SHRIMP isotopic data for the 46 samples dated in this study. 
 
Appendix 2 lists representative mineral compositions that have been used in 
thermobarometric calculations. 
 
Appendix 3 lists geochemical data for several granitoids from the Harts Range region. 
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1.3 Geological overview of the Arunta Inlier 
The Arunta Inlier is a large (~200 000 km
2
) metamorphic complex located in central 
Australia, with a multiphase tectonothermal history spanning the Palaeoproterozoic to 
Palaeozoic (Collins & Shaw, 1995; Scrimgeour, 2003). It adjoins Palaeoproterozoic 
rocks of the Tanami Province to the northwest and the Tennant Creek Province to the 
northeast (Figs. 1.1, 1.2). These Palaeoproterozoic inliers are surrounded and overlain 
by sedimentary basins of Neoproterozoic and younger age, including the Georgina, 
Amadeus, Ngalia and Wiso basins. 
 
The first systematic geological mapping of the Arunta Inlier was undertaken during the 
1970s and 1980s by the Bureau of Mineral Resources (now Geoscience Australia). 
These workers proposed a threefold division of the Arunta Inlier into northern, central 
and southern provinces, distinguished by different lithologies and tectonothermal 
Figure 1.1. Basins and basement terrains of Australia, from Geoscience Australia. 
Fig. 1.2 
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histories (Stewart et al., 1984; Shaw et al., 1984a). The rocks of the Arunta Inlier were 
also subdivided into three lithologic Divisions, which were tentatively interpreted as 
stratigraphic packages. More recent geochronological data have revealed that the 
relationships between the components of the Arunta Inlier are more complex than 
envisaged in the earlier scheme, and the Division concept has been replaced by a series 
of lithostratigraphic packages with individual depositional histories (Fig. 1.3; Collins & 
Shaw, 1995; Scrimgeour, 2003). Although further work has not substantiated a 
significant boundary between the central and northern provinces, the boundary between 
the central and southern provinces appears to be a major structural break, represented by 
the Redbank Thrust and Desert Bore Shear Zone (Collins & Shaw, 1995; Close et al., 
2003; Scrimgeour, 2003). 
 
The southern province has protolith ages of ~1.69-1.61 Ga and a tectonothermal history 
spanning ~1.68-1.57 Ga, significantly younger than the northern Arunta Inlier which 
has protolith ages of ~1.85-1.74 Ga, and a tectonothermal history ranging between 
~1.81 and 1.57 Ga. The younger terrane has been termed the Warumpi Province (Close 
et al., 2003), and the older, much larger region to the north the Aileron Province, 
comprising part of the North Australian Craton (Scrimgeour, 2004). 
 
 
 
 
Figure 1.2. Geological province map of the Arunta Inlier, showing the Palaeoproterozoic Aileron, 
Tanami and Warumpi provinces and inferred extent of the Harts Range Group in the eastern Arunta 
Inlier. 
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The tectonothermal history of the Arunta Inlier is summarised in Fig. 1.4. Although 
grouped for convenience into a single province, the Aileron Province has a complex 
Palaeo- to Mesoproterozoic history, having undergone a number of tectonothermal 
events of variable extent and character, which tend to be of higher metamorphic grade 
in the south. The Warumpi Province appears to be everywhere of high metamorphic 
grade, metamorphosed during the tectonism that amalgamated it with the North 
Australian Craton (Close et al., 2004). 
 
1.3.1 Tectonothermal events of the Arunta Inlier 
1.3.1.1 Stafford Event (1.81-1.80 Ga) 
The Stafford Event affected a wide area of the Arunta Inlier, as well as the Tennant 
Creek and Tanami provinces (Scrimgeour, 2003). In the northern Arunta Inlier, it is 
typified by localised high-T, low-P metamorphism associated with felsic and mafic 
magmatism. In the eastern Arunta, the Stafford Event is expressed as volcanism 
associated with mafic and felsic intrusives. 
 
1.3.1.2 Strangways Orogeny (~1.78-1.71 Ga) 
The Strangways Orogeny affected a broad region of the Arunta Inlier, but is developed 
at highest grade in the southeastern part of the inlier, where it has been subdivided into 
the Early Strangways Event at ~1785-1750 Ma, and the Late Strangways Event ~1730-
1715 Ma (Collins & Shaw, 1995). The Early Strangways Event was associated with 
widespread felsic and mafic magmatism, with the degree of associated metamorphism 
and deformation being the subject of some debate (e.g. Möller et al., 2003). The Late 
Strangways Event resulted in widespread high-grade metamorphism and felsic 
magmatism in the eastern Arunta Inlier, with magmatism and localised metamorphism 
extending into the northern Arunta (Scrimgeour, 2003). 
 
1.3.1.3 Unnamed Event (~1.69 Ga) 
This poorly-understood event is known only from a few metamorphic zircon ages in the 
Strangways Metamorphic Complex and at Mount Hay, northwest of Alice Springs, and 
the crystallisation age of a dolerite dyke in the Strangways Metamorphic Complex 
(Hoatson & Claoué-Long, 2002). 
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1.3.1.4 Argilke Igneous Event (~1.68-1.66 Ga) 
The Argilke Igneous Event is restricted to the Warumpi Province in the southwestern 
Arunta Inlier, where it resulted in felsic intrusive and extrusive magmatism, with no 
identified metamorphism (Close et al., 2003). 
 
1.3.1.5 Liebig Orogeny (~1.64-1.63 Ga) 
The Liebig Orogeny is a major orogenic event which affected the southwestern Arunta 
Inlier (Scrimgeour et al., 2002). It resulted in high-T, high-P metamorphism in the 
Warumpi Province and voluminous felsic and minor mafic magmatism in both the 
Warumpi and Aileron provinces. This event has been interpreted to reflect the 
collisional docking of the Warumpi Province with the North Australian Craton 
(Scrimgeour, 2003). 
 
1.3.1.6 Chewings Event (~1.59-1.57 Ga) 
Both the Aileron and Warumpi provinces were affected by high-T, low-P 
metamorphism of the Chewings Orogeny between ~1.59-1.57 Ga (Williams et al., 1996; 
Close et al., 2004). Metamorphism was associated with south-directed thrusting in the 
Warumpi Province, which is possibly the first phase of movement along the Redbank 
Thrust, a major crustal-penetrating structure in the southwestern part of the inlier 
(Scrimgeour, 2003). The highest metamorphic grades in the Aileron Province occurred 
in the Reynolds Range in the central Arunta Inlier, where metamorphism was possibly 
related to the sedimentary burial of high radiogenic heat-producing granites (Hand and 
Buick, 2001). The Chewings Event marks the end of widespread high-grade tectonism 
in the Arunta Inlier, with an undeformed granitoid in the western Arunta Inlier having 
an age of 1533 ± 5 Ma possibly representing the last effects of this tectonism (Close et 
al., 2004). 
 
1.3.1.7 Teapot Event (~1.15-1.13 Ga) 
Relatively limited felsic and mafic magmatism occurred along the southern margin of 
the Arunta Inlier during the late Neoproterozoic (Black & Shaw, 1995; Hoatson & 
Claoué-Long, 2002). This magmatism took place at a similar time to extensive 
magmatism and high-grade metamorphism of the Musgrave Orogeny in the Musgrave 
Inlier to the southwest of the Arunta Inlier, with which it has an unknown relationship. 
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1.3.1.8 Larapinta Event (~475-460 Ma) 
The Larapinta Event resulted in upper amphibolite- to granulite-facies metamorphism in 
the Harts Range region, but has not been recognised elsewhere in the Arunta Inlier. The 
nature and extent of the Larapinta Event forms the focus of much of this study and is 
discussed in further detail below. 
 
1.3.1.9 Alice Springs Orogeny (~450-300 Ma) 
The mid-Palaeozoic Alice Springs Orogeny is the last major deformational event to 
affect the Arunta Inlier. It has been variously defined, and consists of up to six distinct 
phases of intraplate convergence spanning a 150 million year period (Bradshaw & 
Evans, 1988). The effects of the Alice Springs Orogeny appear to have been most 
intense in the southeastern Arunta Inlier, where it exhumed the inlier from beneath the 
former Centralian Superbasin to form the current structural basins (Walter et al., 1995). 
 
 
 
 
 
 
Figure 1.3. Simplified geological map of the eastern Arunta Inlier, from Hand et al. (1999a), adapted 
from Collins & Teyssier (1989). The Harts Range Metamorphic Complex is bounded by (1) the Harry 
Creek-Arltunga-Illogwa Creek shear system; (2) Florence-Muller Shear Zone; (3) Delny-Mount 
Sainthill Shear Zone; (4) Entire Point Shear Zone. Also shown is the Redbank Shear Zone (5). 
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Figure 1.4. Schematic diagram of the main tectonothermal events in the Arunta Inlier, after Scrimgeour 
(2004).  
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1.4 Physiography of the Harts Range region 
The Harts Range is situated in the eastern Arunta Province, ~100-200 km ENE of Alice 
Springs in the Northern Territory. It consists of a series of rugged ridges and plateaus up 
to ~600 m higher than the level of the surrounding plains. The climate is semi-arid, with 
an average annual rainfall of around 300 mm and little permanent water. The ranges are 
generally thinly vegetated, in some areas consisting of almost 100% outcrop, with the 
best exposures typically found in gorges and drainage channels in elevated areas. 
Outcrop on the plains occurs as isolated low hills and rises, particularly towards the 
Simpson Desert in the southeast. Many of these outcrops are highly weathered and 
capped by flat-lying silcrete, representing the remnants of a Tertiary weathering surface. 
 
 
 
There is good access to much of the region through well-maintained station tracks, 
though vehicular access in the ranges is limited away from tracks due to the rugged 
topography. Towards the Simpson Desert, there are few tracks and those that are present 
are infrequently used and often difficult to locate. Helicopter support (not available for 
A 
C D 
Figure 1.5. (A) View to Mount Brady in the northeastern Harts Range; (B) Outcrops of Bruna Gneiss in 
the southern Harts Range, near Illogwa Creek; (C) Silcrete-capped hills east of Harts Range, near 
Crossing Bore; (D) Open plain on the margin of the Simpson Desert, ~80 km east of the Harts Range. 
 
B 
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this study) is required to access the most remote outcrops. Most of the land is occupied 
by large pastoral properties, with some of these being aboriginal freehold. There are 
also a number of aboriginal communities in the area, the largest being the community at 
Atitjere on the Plenty Highway. 
 
 
 
1.5 Geological overview of the Harts Range region 
A series of geological maps and geophysical images of the Harts Range region are 
presented in Figs. 1.7-1.13. These show the distribution of the main geological units, 
which commonly possess distinctive geophysical signatures. Most of the geophysical 
datasets were collected after regional mapping of the region was completed (e.g. Shaw 
et al., 1982, 1990), but confirm the general accuracy of the earlier mapping. 
 
Atitjere 
Plenty 
Highway 
N 
Oonagalabi 
Tongue 
Mt 
Palmer 
Mt Riddoch 
Mt Mabel 
Figure 1.6. Perspective view looking eastwards along the Harts Range. Three-band colour composite 
image of very near infra-red (VNIR) ASTER satellite data draped over digital elevation model. Field 
of view ~40x40 km. 
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The geology of the Harts Range area was first studied in detail by Joklik (1955), who 
established a lithostratigraphic framework which forms the basis of the current scheme. 
The metamorphic rocks of the area were collectively termed the Harts Range Group 
consisting, from oldest to youngest, of the Entia, Bruna, Irindina, Brady and Cadney 
gneisses, assuming that the current structural order reflected the original stratigraphic 
order. Several igneous units were also identified, including the Riddock Amphibolite 
and the Huckitta and Inkamulla granodiorites. In the course of regional geological 
mapping, Shaw et al. (1979, 1982, 1984b, 1990) further described the geology of the 
area, reassigning the Cadney Gneiss to the Strangways Metamorphic Complex, and 
introducing the Naringa Calcareous Gneiss and Stanovos Gneiss members of the 
Irindina Gneiss. 
 
Ding & James (1985) recognised that the supracrustal rocks structurally overlying the 
Bruna and Entia gneisses comprise a cover sequence with a different structural and 
metamorphic history. The contact between the two sequences is marked by the Bruna 
Detachment Zone (Harts Range Detachment Zone of Ding & James (1985)), a flat-lying 
zone of intense shearing focussed along the upper and lower margins of the Bruna 
Gneiss. Ding and James (1985) termed the structurally higher sequence the Irindina 
Supracrustal Assemblage, discarding the term Harts Range Group, which incorporated 
both the basement and cover sequences. In more recent studies, both the Irindina 
Supracrustal Assemblage and Harts Range Group have been used to describe the cover 
sequence (e.g. Buick et al., 2001a; Scrimgeour & Raith, 2001). Hand et al. (1999a, b) 
introduced the term Harts Range Metamorphic Complex to encompass the three major 
lithological associations in the area: 1) the Entia Gneiss Complex basement, 2) the 
supracrustal cover sequence and 3) the Bruna Gneiss, which separates the two. In this 
study the cover sequence is termed the Harts Range Group, redefining it to exclude the 
Bruna and Entia gneisses. 
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Figure 1.7. Geological map of the eastern Harts Range region, based on 1:250 000 scale mapping 
(Shaw et al., 1975; Shaw & Wells, 1983; Shaw & Freeman, 1985; Freeman, 1986).  
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Figure 1.8. Total magnetic intensity image (reduced to pole) of the eastern Arunta Province. The 
Harts Range Metamorphic Complex has a typically low magnetisation, with isolated arcuate 
positive linear anomalies. The Strangways Metamorphic Complex has a more variable, but 
typically high magnetisation. HRG: Harts Range Group. SMC: Strangways Metamorphic 
Complex. EGC: Entia Gneiss Complex.  Data from Northern Territory Geological Survey. 
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Figure 1.9. Bouguer gravity anomaly image of the eastern Arunta region. The image is 
dominated by a prominent WNW-trending linear gravity high which is coincident with parts of 
the Harts Range Metamorphic Complex. Data from Geoscience Australia. 
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Figure 1.10. Simplified geological map of the Harts Range, compiled by Hand et al. (1999b), based 
on 1:100 000 scale mapping (Shaw et al., 1984, 1990).  
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Figure 1.11. 3-band colour composite image of VNIR ASTER satellite data for the Harts Range 
area. Metabasite is generally dark, felsic gneiss bright, metapelite greenish and unconsolidated 
sediments purple. Data provided by Geoscience Australia. 
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Figure 1.12. Total magnetic intensity image of the Harts Range area (reduced to pole). Data 
provided by the Northern Territory Geological Survey. 
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Figure 1.13. Three band colour composite image of airborne spectrometric data for the Harts 
Range area. Red = K, Green = Th, Blue = U. Metabasite and quartzite are low in K, Th and U and 
are thus dark. Granitoids commonly show as tones of red, pink or white due to relatively high K. 
Metapelites of the Harts Range Group are commonly greenish, while calc-silicate rocks typically 
are violet or purple. Data provided by the Northern Territory Geological Survey. 
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1.5.1 Entia Gneiss Complex 
The oldest rocks in the area consist of Palaeoproterozoic gneisses of the Entia Gneiss 
Complex, which crop out in the core of the Entia Dome (the Entia Domal Structure of 
Shaw et al. 1982, 1990), a complex antiformal culmination ~25 km in diameter. The 
Entia Gneiss Complex is dominated by orthogneiss, with compositions that range from 
ultramafic and mafic to tonalitic and granitic (Foden et al., 1995). The Huckitta and 
Inkamulla Granodiorites form the largest coherent granitic gneisses within the Entia 
Gneiss Complex and have geochemical characteristics similar to Phanerozoic 
cordilleran M- or I-type granite suites (Foden et al., 1988; Zhao & McCulloch, 1995). 
The host supracrustals form a volumetrically minor component, consisting of 
metapelite, metabasite, quartzite and calc-silicate rock interpreted to have formed in an 
intracratonic rift setting (Sivell & Foden, 1985). 
 
Relatively little geochronology has been carried out on the Entia Gneiss Complex or 
other Palaeoproterozoic gneisses in the Harts Range area. A granitic gneiss from the 
southeastern Entia Dome yielded a zircon ID-TIMS age of 1767 ± 2 Ma, whilst zircon 
from an amphibolite gneiss and a muscovite leucogneiss gave ages of 1730 ± 1 Ma and 
1732 ± 6 Ma respectively (Cooper et al., 1988). These ages were interpreted by these 
workers to bracket the main deformation in the region, based on inferred relationships 
between deformation and magmatism. The ages are similar to others obtained from 
elsewhere in the eastern Arunta Inlier (Lafrance et al., 1995; Zhao & Bennett, 1995; 
Möller et al., 1999; Scrimgeour et al., 2001), suggesting that the Entia Gneiss Complex 
is part of the same lithostratigraphic package. 
 
Arnold et al. (1995) and Mawby (2000) recognised three main phases of metamorphism 
in the Entia Gneiss Complex. The earliest phase is preserved in low-strain boudins that 
preserve granulite facies metamorphic assemblages indicating P-T conditions of ~700 
ºC and 9 kbar. These authors recognised a later flat-lying amphibolite facies foliation, 
which overprints much of the Entia Gneiss Complex and contains kyanite-bearing 
assemblages which formed at ~650 ºC and 7 kbar. Mawby (2000) noted the similarity 
between the flat-lying foliations in the Entia Gneiss Complex and the Harts Range 
Group, and suggested that both were formed during Early Ordovician tectonism. Lower-
pressure sillimanite-bearing assemblages (Arnold et al., 1995) and hornblende-
plagioclase symplectites (Mawby, 2000)  overprint the kyanite-bearing foliation. 
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Figure 1.14. (A) Folded interlayered felsic gneiss and amphibolite, Entia Gneiss, ~2 km south of 
Inkamulla Bore (GR 521073 7443213); (B) Kyanite-phlogopite schist, Entia Gneiss (GR 523057 
7452627); (C) Mylonitic Bruna Gneiss, Illogwa Creek (GR 514008 7419298); (D) Ultramylonite, 
Bruna Detachment Zone, Bruna gorge (GR 506387 7448348). 
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In the western Harts Range, basement gneisses are exposed in the core of a large 
antiformal structure known as the Oonagalabi Tongue, which consists of 
metasedimentary, metavolcanic and granitic gneisses (Ding & James, 1985). Recent 
SHRIMP dating shows that the metasedimentary and metavolcanic precursors were 
deposited at ~1.76 Ga (Hussey et al., in prep.), and are possible correlatives of those of 
the Entia Gneiss Complex (Ding & James, 1985). 
 
1.5.2 Bruna Gneiss 
The Bruna Gneiss is a flat-lying, sheet-like body of highly-deformed megacrystic 
quartzofeldspathic gneiss between ~50 and ~400 m thick which separates the Entia 
Gneiss Complex from the overlying Harts Range Group. It consists of a hornblende-
bearing granodioritic gneiss phase with abundant K-feldspar augen (Fig. 1.14C) and an 
equigranular granitic phase. Although the Bruna Gneiss is typically mylonitic, locally it 
preserves primary magmatic textures in low-strain domains (Mawby, 2000). It is 
compositionally distinct from the felsic gneisses of the underlying Entia Gneiss, with A-
type geochemical affinities and appears to have been emplaced at shallower crustal 
levels (Foden et al., 1988; Hand et al., 1999b). The upper and lower contacts of the 
Bruna Gneiss are typically intensely sheared and no unequivocal intrusive relationships 
have been recognised. The Bruna Gneiss has been dated by conventional zircon ID-
TIMS methods at 1748 ± 5 and 1752 ± 15 Ma (Mortimer et al., 1987) and 1745 ± 9 Ma 
(Cooper et al., 1988), giving a pooled age of 1747 ± 2 Ma (Cooper et al., 1988). 
 
1.5.3 Harts Range Group 
The Harts Range Group is a supracrustal sequence consisting of pelitic and semipelitic 
metasediments, metabasite and calc-silicate rock, with subordinate amounts of marble, 
quartzite and felsic gneiss. It consists of five stratigraphic units: the Irindina Gneiss 
(which includes the Naringa Calcareous Member, the Stanovos Gneiss Member and the 
Harts Range Meta-Igneous Complex) and the Brady Gneiss (Fig. 1.15). Although the 
regionally flat-lying sequence has undergone intense deformation, the sequence is 
interpreted to have largely retained its original stratigraphic order (Hand et al., 1999b). 
Original stratigraphic thicknesses are difficult to determine due to multiple phases of 
attenuation and thickening, however the current structural thickness of the sequence is 
estimated at up to 5-6 km (Mawby, 2000). The metamorphic grade of the Harts Range 
Group ranges from mid-amphibolite to granulite facies. The Harts Range Group rocks 
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contain a pervasive layer-parallel amphibolite-facies foliation, interpreted to have 
formed during the Early Ordovician Larapinta Event (Mawby et al., 1999). 
 
UNIT DESCRIPTION 
Brady Gneiss Forms the structurally uppermost unit of the exposed Harts Range Group. 
Comprised of a lower unit dominated by garnet-bearing muscovite-biotite ± 
sillimanite schist and gneiss, with minor amphibolite and psammite; and an 
upper unit dominated by clinozoisite-hornblende-clinopyroxene-scapolite-
bearing calc-silicate rock, with minor metapelitic and psammitic layers. 
Irindina Gneiss Relatively thick sequence of garnet-biotite-plagioclase ± sillimanite schist 
and gneiss, with minor layers of marble, calc-silicate and quartzite. 
Migmatitic in places, containing coarse-grained garnet up to ~15 cm in size. 
Intercalated with amphibolite of the Harts Range Meta-Igneous Complex. 
Harts Range Meta-
Igneous Complex 
(HRMIC) 
Consists of numerous units of layer parallel amphibolite ranging from <1 cm 
to ~2 km thick within the Irindina Gneiss. Migmatitic in places with coarse-
grained garnet ± clinopyroxene-bearing leucosomes. The presence of detrital 
zircon in the amphibolite and its intimate interlayering with metasediments 
indicate that many of these units are volcanics or volcaniclastics. 
Naringa Gneiss Calcareous unit that crops out in the western Harts Range, consisting of 
quartzite, hornblende-diopside-scapolite calc-silicate, marble, calcareous 
quartzofeldspathic gneiss and biotite gneiss. Occupies the structurally lowest 
position of the Harts Range Group. 
Stanovos Gneiss Crops out in the southeastern Harts Range, consisting of a lower calcareous 
unit of quartzite, grossular-diopside-wollastonite marble, calc-silicate and 
minor metapelite, and an upper unit dominated by garnet-poor metapelite 
with amphibolite,  quartzofeldspathic gneiss and quartzite. Lower unit is a 
possible equivalent of the Naringa Gneiss. 
Bruna Gneiss Flat-lying, sheet-like layer of megacrystic granitic gneiss 50-400 m thick 
separating the Harts Range Group from the underlying Entia Gneiss 
Complex. Consists of quartz-biotite-plagioclase-K-feldspar-hornblende, with 
K-feldspar augen up to 5 cm in size. Commonly mylonitic, but locally 
contains domains preserving primary igneous textures. 
Entia Gneiss Complex Structurally lowest unit of the Harts Range Metamorphic Complex, cropping 
out in the core of the Entia Dome. Dominated by orthogneiss, ranging from 
ultramafic to granitic in composition, intruding a volumetrically minor 
supracrustal sequence minor calc-silicate, quartzite, aluminous metapelite 
and amphibolite. 
 
 
 
1.5.3.1 Irindina Gneiss 
The Irindina Gneiss is a relatively thick unit consisting of garnet + biotite + quartz + 
plagioclase ± sillimanite schist with occasional layers of marble, calc-silicate and 
quartzite. In areas where peak metamorphic mineral assemblages are preserved, the 
Irindina Gneiss is commonly migmatitic, with garnet porphyroblasts up to 15 cm in size 
associated with felsic segregations. The Irindina Gneiss includes three subunits: the 
Naringa Calcareous Member, the Stanovos Gneiss Member and the Harts Range Meta-
Igneous Complex. 
Figure 1.15. Lithostratigraphic subdivision of the Harts Range Metamorphic Complex. 
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Figure 1.16. (A) Peak metamorphic Irindina Gneiss, consisting of coarse-grained garnet, sillimanite, 
biotite, quartz and plagioclase, ~2 km NW of Mount Bruna (GR 508427 7455892); (B) ‘Retrograde’ 
Irindina Gneiss with well-developed flat-lying foliation, west of Mount Mabel (GR 476303 
7444882); (C) Quartzite, lower Stanovos Gneiss, Stanovos Valley (GR 539600 7422500); (D) 
Tightly folded Calcareous quartzite of the Naringa Calcareous Member north of Brumby Bore (GR 
494023 7426266). 
A
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1.5.3.2 Naringa Calcareous Member 
The Naringa Calcareous Member crops out in the western Harts Range, where it 
structurally underlies metapelites of the Irindina Gneiss (Fig. 1.10). Shaw et al. (1979, 
1984) considered that the Naringa Calcareous Member occupies a stratigraphically 
lower part of the Irindina Gneiss, but the typically sheared contacts of this unit make its 
relationship with the Irindina Gneiss uncertain. It consists of calc-silicate rock, 
calcareous quartzofeldspathic gneiss, marble, biotite gneiss and quartzite (Fig. 1.16D). 
 
1.5.3.3 Stanovos Gneiss Member 
The Stanovos Gneiss Member crops out in the area of Stanovos Creek, southeast of the 
Entia Dome (Fig. 1.10). The unit structurally overlies pelitic gneisses of undivided 
Irindina Gneiss in the west and is structurally overlain by the Brady Gneiss in the east. 
Shaw et al. (1982) considered that the Stanovos Gneiss Member was in the upper part of 
the Irindina Gneiss, but given its complex contact relationships with other units, its 
current structural position might not necessarily reflect its original stratigraphic 
position. The Stanovos Gneiss Member consists of two main lithological associations: 
1) a calcareous lower unit consisting of quartzite, marble, calc-silicate rock and biotite 
gneiss and 2) a dominantly pelitic upper unit consisting of garnet-poor biotite schist, 
amphibolite and quartzofeldspathic gneiss with minor psammite (Fig. 1.17A). The 
broad lithological similarity between the Stanovos Gneiss Member on the eastern side 
of the Entia Dome and the Naringa Calcareous Member on the western side of the dome 
suggests that the two are possibly correlatives. If this is the case, the Stanovos Gneiss 
Member may in fact be situated towards the base of the sequence. 
 
1.5.3.4 Harts Range Meta-Igneous Complex 
The Harts Range Meta-Igneous Complex (HRMIC) was first defined by Ding & James 
(1985). It groups the thick, widespread Riddock Amphibolite Member (Joklik, 1955; 
Shaw et al., 1982) with the numerous other smaller metabasite units that occur within 
the Irindina Gneiss. The HRMIC consists of layer-parallel amphibolite and anorthosite 
bodies which range up to ~1 km in thickness in the northern Harts Range. Peak 
metamorphic mineral assemblages are preserved in the large metabasite bodies of the 
northern Harts Range and in the southwestern part of the area near Mount Ruby (Fig. 
1.17B). In these areas, metabasites contain a weakly defined, layer-parallel fabric with 
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coarse-grained (to 15 cm) garnet ± clinopyroxene-bearing migmatitic segregations 
interpreted to have formed by the fluid-absent partial melting reaction: 
 
hornblende + plagioclase + quartz = garnet + tonalitic melt ± clinopyroxene 
 
(Mawby et al., 1999; Hand et al., 1999b). Replacement of garnet and clinopyroxene by 
hornblende in these segregations, and plagioclase + hornblende symplectites mantling 
peak metamorphic garnet porphyroblasts indicate reversal of the above reaction during 
retrograde decompression (Fig. 1.17C; Hand et al., 1999b). Retrograde assemblages 
consist of hornblende + plagioclase + quartz ± garnet, commonly with a well-developed 
layer-parallel foliation. The presence of detrital zircon in amphibolites from Mallee 
Bore (Buick et al., 2001a) and the intimate interlayering of metasediments and 
metabasite indicate that at least some of the units were volcanics or volcaniclastics. 
 
Sivell et al. (1985) and Sivell & Foden (1985) examined the geochemistry of 
amphibolites and anorthosites of the HRMIC and concluded, based on their continental 
tholeiitic and ocean-floor basalt affinities, that they formed as high-level intrusives and 
volcanics within a rifted margin or intracratonic rift setting. Sivell & Foden (1985) 
observed that metabasite lower in the sequence had more alkaline affinities, and noted 
that the compositional evolution of the HRMIC was analogous to that of known rift 
sequences. Further geochemical studies by Sivell (1988) and Sivell & Foden (1988) 
examined early- and late-formed amphibolites from both the Entia Gneiss and HRMIC 
and concluded that the earliest amphibolites in both sequences formed in an extensional 
environment. The younger tholeiites showed some trace element characteristics 
resembling those from convergent plate margin settings, and a subduction-related 
component was inferred to have been present in the mantle sources for these rocks. 
 
1.5.3.5 Brady Gneiss 
The Brady Gneiss is the structurally highest member of the Harts Range Group and 
crops out in a belt along the northern and eastern parts of the Entia Dome. It is 
comprised of two units, a lower metapelitic and an upper calcareous unit. The lower unit 
is predominantly comprised of garnet-muscovite-biotite schist, with minor amphibolite 
and psammite (Fig. 1.17D), and typically has a much greater density of late-stage 
pegmatites than the rest of the sequence. The upper unit is dominated by quartz-
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clinozoisite-hornblende-clinopyroxene-scapolite calc-silicate rock with minor 
metapelite. The metamorphic grade of the Brady Gneiss is significantly lower than that 
of the underlying sequence, implying that there is a major structural break at its base 
(Hand et al., 1999b). The top of the Brady Gneiss is not exposed, but is covered by 
Cainozoic sediments to the north and east of the Harts Range. 
 
1.5.3.6 Metasediments east of the Harts Range 
Scattered outcrops of metasediment occur over a wide area east of the Harts Range 
towards the Simpson Desert (Fig. 1.7), and were interpreted to be part of the Harts 
Range Group by Shaw et al. (1982), although they did not attempt to assign them to 
lithostratigraphic units of the Harts Range Group. These outcrops have not previously 
been studied in detail, but where examined are dominated by quartzite and calc-silicate 
rock with minor occurrences of metapelitic schist, reflecting the relatively high 
competency of the quartz-rich units. Metabasite has not been observed cropping out 
within this region, which is possibly a function of the lack of outcrop, but might instead 
indicate that metabasite is restricted to the Harts Range. Although a paucity of suitable 
lithologies makes identification of metamorphic grade difficult, metasediments towards 
the Simpson Desert appear to be of lower grade than those in the Harts Range, and were 
considered to be as low as upper greenschist facies by Shaw & Freeman (1985). 
 
1.5.4 Depositional age of the Harts Range Group 
In the absence of geochronological data, early workers assumed a Palaeoproterozoic age 
for the Harts Range Group, based on similarities in lithology and metamorphism with 
Palaeoproterozoic rocks of the adjacent Strangways Metamorphic Complex (e.g. Joklik, 
1955; Shaw et al., 1979, 1982). Ding & James (1985, 1989) and James & Ding (1988) 
considered that the Bruna Gneiss was emplaced syntectonically along the Bruna 
Detachment Zone, and that its 1747 ± 2 Ma age (Mortimer et al., 1987; Cooper et al., 
1988) thus defined the minimum depositional age of the Harts Range Group and the 
juxtaposition of the basement and cover sequences. Despite the fact that no evidence of 
an intrusive contact with the Harts Range Group was presented, this interpretation was 
adopted by most other workers in the area and was only challenged recently when the 
first detrital zircon age data were collected. 
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Figure 1.17. (A) Garnet-poor migmatitic metapelite, upper Stanovos Gneiss with K-feldspar 
megacrysts ~5 km SSW of Indiana homestead (GR 544892 7416054); (B) Peak metamorphic 
metabasite with leucosomes containing coarse garnet ± clinopyroxene, ~2 km E of Mount Ruby 
(GR506852 7414828); (C) Hornblende-plagioclase symplectite mantling peak metamorphic garnet 2.5 
km E of Mount Ruby (GR 508800 7415484); (D) Biotite-muscovite-garnet schist, Brady Gneiss ~3 km 
NW of Mount Brady (GR 496151 7454480). 
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B
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Buick et al. (2001a,b) dated detrital zircon from the Irindina Gneiss and HRMIC at 
Mallee Bore, north of the Harts Range and found that these units contained a range of 
Palaeoproterozoic and Neoproterozoic ages with grains as young as Cambrian in age. 
These data, combined with ages of metamorphic zircon at ~480-460 Ma indicated that 
the protolith sediment was deposited in the early Palaeozoic rather than the 
Palaeoproterozoic. Recent dating of detrital zircon has found similar populations of 
zircon in the Naringa Calcareous Member and the Brady Gneiss, but a narrow range of 
Palaeoproterozoic ages in a sample of the Irindina Gneiss (Buick et al., 2005). The 
available data thus indicated that the protolith sediments to the Harts Range Group were 
deposited in the Neoproterozoic to Cambrian, around 1.2 billion years later than 
previously thought. If this depositional age is correct, then the Harts Range Group was 
deposited at the same time as sedimentary rocks in the adjacent Amadeus and Georgina 
basins. Comparison of the detrital zircon ages from the Harts Range Group and the 
small amount of detrital zircon data from the Amadeus Basin suggested that the two 
sequences might be related (Buick et al., 2005). Resolving this potential relationship is 
critical to understanding the tectonothermal history of the Harts Range Metamorphic 
Complex and is addressed in detail in this study. 
 
1.5.5 Mafic dykes 
Multiple generations of mafic dykes intrude the regional layer-parallel foliation, 
including an early, widespread feldspar-phyric generation and a later set which preserve 
relict doleritic textures and feldspar phenocrysts (Fig. 1.18A,B; Mawby, 2000). 
Deformed and recrystallised early dykes have a similar appearance to amphibolites of 
the HRMIC, and the proportion of mafic dykes within the Harts Range Metamorphic 
Complex might thus have been underestimated in the past (Mawby, 2000). Trace 
element and isotopic criteria define two main groups of mafic dykes with differing 
sources (Lee et al., 2002). The dykes are interpreted to be broadly coeval with the 
formation of the regional Early Ordovician foliation, however there are currently no age 
determinations to more accurately constrain the timing of emplacement. 
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Figure 1.18. (A) Mafic dyke intruding amphibolite, ~3 km E of Mount Ruby (GR 509262 7415328); (B) 
Metadolerite dyke in megacrystic gneiss ~2 km NNW of Rockhole Dam (GR 532850 7413560); (C) 
Undeformed pegmatite dyke crosscutting Brady Gneiss ~2 km E of the Harts Range racecourse (GR 
494536 7453178); (D) Boudinaged pegmatite in Entia Gneiss, ~3.5 km N of Quartz Hill, southeastern 
Entia Dome (GR 533010 7439250). 
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1.5.6 Pegmatites 
Pegmatite dykes are common throughout the region and were mined for muscovite until 
the late 1950s. In addition to muscovite and biotite, they are commonly garnet-bearing 
and occasionally also contain tourmaline and beryl. Pegmatites are most common 
within metasedimentary units, particularly the lower metapelitic unit of the Brady 
Gneiss, suggesting that many were locally derived. The pegmatite dykes are variably 
deformed and were emplaced over an extended period of time between the mid-
Ordovician and Carboniferous, with most emplaced between ~400-320 Ma, during the 
Alice Springs Orogeny (Hand et al., 1999a; Storkey et al., 2002). 
 
1.5.7 Structure and metamorphism of the Harts Range Group 
The first structural studies in the Harts Range Group identified the pervasive flat-lying, 
layer-parallel foliation present in all units as the earliest recognisable structure (Joklik, 
1955; Rickard, 1975; Shaw et al., 1984b; Lawrence et al., 1987). This foliation contains 
a ubiquitous mineral lineation that trends N-S to NNE-SSW across the Harts Range. 
The earliest recognised folds are minor recumbent isoclines with fold axes parallel to 
the mineral lineation. These folds deform the foliation, but do not affect the outcrop 
pattern. Multiple generations of large-scale folding and thrusting deform these earlier 
structures, generating the complex outcrop patterns evident in geological maps of the 
area (Shaw et al., 1984b, 1991). Despite their typically tight to isoclinal form, axial 
plane foliations are rarely developed in any of the fold generations. 
 
The first comprehensive regional structural analysis was carried out by Ding & James 
(1985) and James & Ding (1988), who recognised the basement-cover relationship 
between the Entia Gneiss Complex and Harts Range Group and constructed a structural 
chronology based on mapping in the central and western parts of the region. They 
proposed a three-stage evolutionary history: 
 
Stage 1 affected the basement rocks of the Entia Dome and Oonagalabi area and 
consisted of up to four phases of tight to isoclinal folding followed by a phase of ductile 
thrusting. 
 
Stage 2 was associated with extension, with decoupling of the lower and upper crust 
along the Bruna Detachment Zone and deposition of the Harts Range Group cover 
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sequence above the detachment. Continued crustal extension juxtaposed the Harts 
Range Group (now metamorphosed to amphibolite facies) against the basement 
gneisses of the Bruna Detachment Zone. 
 
Stage 3 involved a switch to contraction and at least five ‘movements’ of south-directed 
thrusting, as part of their Harts Range Orogeny. Each movement commenced with 
folding that became detached along the Bruna Detachment Zone with progressive 
deformation, resulting in a series of nappes. The 1747 Ma Bruna Gneiss was interpreted 
as having intruded along the detachment during this convergent period. 
 
James & Ding (1988) and Cooper et al. (1988) considered that ductile deformation in 
the Harts Range area occurred between 1767 ± 2 Ma and 1730 ± 1 Ma based on ages of 
supposedly syn-kinematic intrusives within basement of the Entia Dome. The Alice 
Springs Orogeny was interpreted to post-date these earlier tectonothermal events, 
consisting of minor uplift on retrograde shear zones. 
 
Differences in the metamorphic character between the Strangways Metamorphic 
Complex, Oonagalabi Tongue, Entia Gneiss Complex and Harts Range Group led 
Oliver et al. (1988) to conclude that these different elements had essentially independent 
histories and were possibly separate terranes. A combination of thermobarometry and 
petrogenetic data indicated that the Harts Range Group in the Harts Range ruby mine 
area experienced metamorphic conditions of 680-780 ºC and 6-8 kbar. They considered 
that the extensional burial model of James & Ding (1988) was incapable of producing 
the observed pressures and that compression was required to bury the sediments to the 
indicated depths. Higher pressure assemblages are found in the Irindina Gneiss and 
HRMIC in the Mallee Bore area, NW of the Harts Range, where peak metamorphic 
conditions were calculated to be 705-810 ºC and 8-12 kbar (Miller et al., 1997). Partial 
melting experiments on rocks with a similar composition to those at Mallee Bore 
indicate that peak metamorphism might have taken place at even higher grades (800-
875ºC and >9-10 kbar), with the lower-grade estimates reflecting the effects of partial 
re-equilibration during cooling (Miller et al., 1997). Later mylonitisation of these rocks 
occurred at lower-grade conditions of 680-730 ºC and 5.8-7.7 kbar. The inferred P-T-t 
path for the Mallee Bore area is similar to that proposed by Goscombe (1992a,b) for the 
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Late Strangways Event (~1730-1715 Ma) which led Miller et al. (1997) to suggest that 
metamorphism at Mallee Bore occurred as part of that event. 
 
Collins & Teyssier (1989a) challenged the interpretation that tectonism in the Harts 
Range area was largely Palaeoproterozoic in age, sparking a lively debate on the subject 
(Ding & James, 1989; Collins & Teyssier, 1989b). Collins & Teyssier (1989a,b) argued 
that the Alice Springs Orogeny caused extensive deformation of the Arunta Inlier and 
was the major cause of uplift and exhumation. They considered that the major shear 
zones in the eastern Arunta Inlier formed part of a crustal scale duplex, with the flat-
lying Bruna Detachment Zone accommodating significant Palaeozoic south-directed 
movement. They also pointed to Ar and Rb-Sr data obtained from shear zones by 
Stewart (1971), Armstrong & Stewart (1975), Woodford et al. (1975), Allen & Stubbs 
(1982) and Windrim & McCulloch (1986), which yielded Palaeozoic ages, consistent 
with reworking during the Alice Springs Orogeny.  This interpretation was vigorously 
contested by Ding & James (1989), who saw no necessity for significant Palaeozoic 
deformation. They disagreed with the structural interpretation proposed by Collins & 
Teyssier (1989a) and re-affirmed their interpretation that the Bruna Detachment Zone 
had been intruded by the ~1747 Ma Bruna Gneiss, thus constraining the major 
deformation to be Palaeoproterozoic in age. 
 
Evidence for significant Palaeozoic tectonism in the Harts Range was presented by 
Foden et al. (1995), who found that although the Bruna Gneiss had undergone partial 
isotopic homogenisation at 1473 ± 133 Ma, 
40
Ar-
39
Ar analyses of hornblende yielded 
ages between ~450 and 300 Ma, while Sm-Nd whole rock data from the Entia Gneiss 
and HRMIC gave ages of 457 ± 178 Ma and 475 ± 5 Ma respectively. These ages are 
similar to relatively imprecise lower-intercept discordia ages of 465 +75/-135 Ma and 
475 +31/-57 Ma obtained by Mortimer et al. (1987) for zircon in the Irindina Gneiss, 
indicating that a major Palaeozoic thermal event preceded tectonism of the Alice 
Springs Orogeny (Foden et al., 1995), though the significance of these data were not 
fully appreciated at that time. 
 
Mawby et al. (1999) and Hand et al. (1999a, b) found similar peak and retrograde 
metamorphic events in the Harts Range to those reported by Miller et al. (1997) at 
Mallee Bore. They found that peak metamorphic assemblages in the Irindina Gneiss and 
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HRMIC formed at ~800 ºC and ~10.5 kbar and underwent near isothermal 
decompression to ~700 ºC and ~8-9 kbar. The structurally higher Brady Gneiss appears 
to have only experienced peak conditions similar to that of the retrograde stage in the 
lower units. Sm-Nd dating of garnet-bearing assemblages from the Harts Range Group 
and the Entia Gneiss Complex indicated that peak metamorphism occurred not in the 
Palaeoproterozoic, as had been previously assumed, but in the early Ordovician at 476 ± 
14 Ma (Mawby et al., 1999). The indistinguishable Sm-Nd age of 475 ± 4 Ma for the 
retrograde phase of metamorphism suggested that both phases were part of the same 
event (Mawby et al., 1999). SHRIMP U-Pb dating of metamorphic zircon and monazite 
from the Harts Range Group yielded similar ages, ranging between ~461 and ~478 Ma 
(Hand et al., 1999; Buick et al., 2001a). Titanite ages of 411 ± 5 and 417 ± 7 Ma from 
the same area possibly indicate slow cooling of the terrane after metamorphism (Buick 
et al., 2001a). Metamorphism and deformation coincided with the deposition of the 
Larapinta Group in the adjacent Amadeus Basin, and for this reason the tectonism has 
been termed the Larapinta Event (Hand et al., 1999a, b). 
 
Hand et al. (1999a, b), Mawby et al. (1999) and Buick et al. (2001a, b) argued that the 
Larapinta Event took place within an extensional rather than convergent setting based 
on several lines of evidence: 
 
1) A shallow marine seaway developed across central Australia during the early 
Ordovician linking the Georgina and Amadeus Basins with the extensional Canning 
Basin to the northwest. Early Ordovician sedimentation in the Amadeus and Georgina 
Basins thickens towards the Harts Range, suggesting that the area was a depocentre 
rather than a mountain range. 
 
2) The rate of subsidence in the northeast Amadeus Basin increased markedly in the 
early Ordovician, with the associated deposition of relatively mature sediments over a 
wide area, also implying little topographic expression at that time. 
 
3) The formation of a flat-lying, layer-parallel foliation during metamorphism 
associated with 3-4 kbar of near isothermal decompression. The apparent lack of large-
scale folding associated with metamorphism suggests that structural thickening did not 
cause the deep burial. 
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4) The intrusion of tholeiitic mafic dykes during metamorphism and the formation of 
the flat-lying foliation. 
 
If the protoliths to the Harts Range Group were deposited in the Cambrian and the Early 
Ordovician Larapinta Event was extensional in nature, then burial of these sediments to 
~10-12 kbar (~30-35 km) could not have taken place by crustal thickening as a result of 
compression. Instead, burial was interpreted to have occurred by progressive sediment 
loading within an exceptionally deep sub-basin between the Amadeus and Georgina 
Basins (Buick et al., 2001b). If this model is correct, then the ‘Irindina Sub-basin’ was 
the deepest basin known in Earth history, resulting in granulite-facies metamorphism at 
its base via an extreme form of burial metamorphism (Hand et al., 1999a,b; Mawby et 
al., 1999; Buick et al., 2001b). 
 
Sm-Nd dating of a recrystallised garnet-bearing assemblage in the Bruna Gneiss yielded 
an age of 449 ± 10 Ma, which was interpreted by Mawby et al. (1999) to represent the 
onset of convergent deformation along the Bruna Detachment Zone. This age is similar 
to a U-Pb monazite age of 445 ± 5 Ma and a Sm-Nd isochron age of 434 ± 6 Ma from 
the Entire Point Shear Zone, which forms the northern boundary of the Harts Range 
Metamorphic Complex (Scrimgeour & Raith, 2001). This shear zone contains shear 
sense indicators which are consistent with a sinistral transpressional setting during the 
earliest phases of the Alice Springs Orogeny (Scrimgeour & Raith, 2001). 
 
1.5.7.1 Alice Springs Orogeny 
The Alice Springs Orogeny has been variously defined, but is generally accepted to 
encompass the numerous discrete phases of broadly N-S-directed convergence which 
affected the central Australian region between ~400 and ~300 Ma (Shaw, 1991; Haines 
et al., 2001). Although the Alice Springs Orogeny was most intensely developed within 
the southeastern Arunta Inlier, its effects have been observed as far afield as the 
northeastern margin of the Arunta Inlier, the northern margin of the Officer Basin in 
South Australia and the Canning Basin in Western Australia (Hoskins & Lemon, 1995, 
Lindsay & Leven, 1996; Hand & Sandiford, 1999). 
 
Largely based on depositional patterns in the Amadeus and Georgina basins, Bradshaw 
and Evans (1988) recognised a series of convergent events or ‘movements’ between 
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~450-270 Ma, which they included within a broader Alice Springs Orogeny. In the 
Harts Range region, the Alice Springs Orogeny resulted in the exhumation of the 
Arunta Inlier and Harts Range Metamorphic Complex from beneath the Centralian 
Superbasin. The earliest phase of movement took place along the Bruna Detachment 
Zone, where mylonitic garnet-bearing assemblages associated with south-directed 
thrusting gave a Sm-Nd age of 449 ± 10 Ma (Mawby et al., 1999). Dunlap & Teyssier 
(1995) and Dunlap et al. (1995) studied the cooling history of the southeastern Arunta 
Inlier during the Alice Springs Orogeny and found that exhumation took place 
episodically, with the Harts Range Metamorphic Complex undergoing phases of rapid 
exhumation at ~400 Ma, 350 Ma and 310 Ma. Uplift associated with convergence and 
exhumation resulted in the deposition of coarse-grained syn-orogenic sedimentation in 
the adjacent Amadeus and Georgina basins (Bradshaw & Evans, 1988; Haines et al., 
2001). Much of this exhumation took place along the Illogwa Shear Zone along the 
southern margin of the Harts Range Metamorphic Complex, imbricating its footwall 
into a major duplex structure, the Ruby Gap Duplex, which forms part of the Arltunga 
Nappe Complex (Fig. 1.10, Forman, 1966; Dunlap et al., 1991; 1995; 1997). 
 
Within the Harts Range Metamorphic Complex, 
40
Ar/
39
Ar, K/Ar and Rb-Sr data 
indicate that the southwestern part of the complex cooled through 500 °C ~30-40 
million years before the northeastern part (Mortimer et al., 1987; Cooper et al., 1988; 
Dunlap et al., 1995; Mawby, 2000). The causes of this diachronous cooling and the 
nature of tectonism in the Harts Range area during the Alice Springs Orogeny remains 
poorly-understood, however it is evident that deformation in the Harts Range 
Metamorphic Complex was accompanied by a significant thermal pulse, with 
amphibolite-facies conditions persisting until after ~330 Ma (Hand et al., 1999a). 
 
1.6 Centralian Superbasin 
The Arunta Inlier is overlain by Neoproterozoic to Palaeozoic sedimentary rocks of the 
former Centralian Superbasin (Walter et al., 1995). Exhumation of basement during the 
Palaeozoic divided the superbasin into the current structural basins, represented by the 
Amadeus, Georgina, Ngalia, Officer and Savory basins (Fig. 3.1). The depositional 
sequences of these basins are relatively well understood, reflecting the complex 
interplay between subsidence, uplift and eustacy (Lindsay & Korsch, 1989; Shaw, 
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1991). Convergent orogenic events, such as the latest Neoproterozoic to Cambrian 
Petermann Orogeny in the Musgrave Inlier and the Devono-Carboniferous Alice 
Springs Orogeny in the eastern Arunta Inlier resulted in widespread, coarser-grained 
syn-orogenic sedimentation in the adjacent basins as a result of basement uplift (Shaw, 
1991; Haines et al., 2001). Extensional events in the basins tend to be expressed as 
marine transgressions with deeper-water sedimentation as a result of subsidence. These 
characteristic sedimentation patterns provide an invaluable constraint on Palaeozoic 
tectonism in the basement inliers. 
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Chapter 2 
 
Methodology 
 
 
 
2.1 Approach 
This study aims to resolve some of the questions raised by recent studies in the Harts 
Range Metamorphic Complex, many of which are interrelated. These include: 
 
1. The depositional ages of the protoliths to the Harts Range Group. 
2. The spatial extent of the Harts Range Group and Larapinta Event, focussing on the 
essentially unstudied region east of the Entia Dome. 
3. The relationship of the Harts Range Group to the Centralian Superbasin. 
4. The timing of metamorphism in the Harts Range Group and its impact on 
Palaeoproterozoic basement. 
5. The effects of the Alice Springs Orogeny in the Harts Range region and its 
relationship with the Larapinta Event. 
6. The tectonic setting of the Larapinta Event, in particular evaluating the possibility 
that a ~35 km thick sub-basin existed between the Amadeus and Georgina Basins. 
7. The broader implications of the Larapinta Event in Australia and as a model for 
tectonism in other high-grade metamorphic terrains. 
 
Since many of the above questions are essentially issues of timing, considerable use has 
been made of U-Pb zircon and, to a lesser extent, monazite geochronology. Zircon is a 
particularly useful mineral for unravelling the complex, multi-phase history of the area 
because of its common occurrence in many rock types, its ability to preserve age 
information through cycles of weathering, deformation, high-grade metamorphism and 
partial melting, and its ability to date igneous and metamorphic events by new zircon 
growth (Davis et al., 2003). Monazite, although it less commonly preserves a multiple 
event history, is a useful mineral for dating metamorphism because it is a common 
metamorphic mineral in high-grade metamorphic rocks, and is often able to be 
texturally linked with its coeval metamorphic mineral assemblage. 
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Zircon and monazite geochronology was carried out using the three SHRIMP (Sensitive 
High-Resolution Ion Microprobe) instruments at the Research School of Earth Sciences, 
ANU. The advantage of using SHRIMP over conventional isotope dilution-thermal 
ionisation mass spectrometry (ID-TIMS) is that SHRIMP is able to target areas as small 
as ~15 µm in diameter, allowing individual growth zones within a zircon grain to be 
analysed. The trade-off for this ability to accurately date generations of zircon growth is 
a lower precision for individual analyses than that attainable by ID-TIMS, due to the 
much smaller sample mass analysed (1-3 nanograms for SHRIMP as opposed to tens to 
hundreds of micrograms for ID-TIMS). However, the complex tectonothermal history 
of the Harts Range Metamorphic Complex means that zircon grains are typically 
composite and likely to preserve multiple growth generations, making secondary ion 
mass spectrometry (SIMS), such as SHRIMP, the most reliable means of obtaining 
accurate ages. 
 
The depositional ages of the protoliths to the Harts Range Group and their relationship 
to the Centralian Superbasin are fundamental issues that bear directly on any 
interpretation of the tectonic setting of the Larapinta Event. The lack of identified felsic 
volcanics that would allow the depositional age of the Harts Range Group to be 
precisely dated meant that detrital zircon geochronology was the main tool used in this 
study to constrain the age of the protoliths. Typically, sediments contain detrital zircon 
derived from a range of sources of different age. The depositional age of a sediment can 
thus be constrained to be equal to or younger than the youngest grain contained within 
it. However it must be remembered that the precision of this constraint is dependent 
upon the ages of the source regions supplying sediment input. If there are no source 
regions or volcanism of similar age to the sedimentation, then the youngest grains may 
be significantly older than its actual depositional age. The pre-existing detrital zircon 
dataset for the Harts Range Group was relatively small and sampled from a relatively 
restricted area in the western part of the Harts Range Metamorphic Complex (Buick et 
al., 2001, in press.). In this study, samples were thus selected to more fully characterise 
the Harts Range Group lithostratigraphy and establish the age and extent of unstudied 
metasediments up to ~100 km east of the Harts Range. 
 
Buick et al. (2005) showed broad similarities between the provenance of some Harts 
Range Group metasediments and Amadeus Basin sedimentary rocks; however the 
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relatively limited dataset for both sequences meant that a detailed comparison could not 
be made. A systematic detrital zircon study has thus been carried out on the Amadeus 
and Georgina basins as part of this study to provide a reference against which data from 
the Harts Range Group could be compared. Because the depositional ages of the 
Palaeozoic sedimentary rocks of the Centralian Superbasin are relatively well-
constrained by biostratigraphic methods, defining stratigraphic correlatives between the 
high- and low-grade sequences also allows a more precise determination of the 
depositional age of the Harts Range Group than could be derived from detrital zircon 
ages alone. 
 
The timing of metamorphism in the Harts Range Metamorphic Complex was evaluated 
by dating metamorphic zircon and monazite in metasediments. Felsic magmatism in the 
lower parts of the Harts Range Group was dated to place constraints on the timing of 
peak and retrograde metamorphism, and structurally-controlled pegmatite dykes were 
also dated to constrain the timing of deformation during the Alice Springs Orogeny. 
 
Potential field modelling was carried out to evaluate whether geophysical data 
constrained the proposed tectonic model for the region, using aeromagnetic data 
provided by the Northern Territory Geological Survey and gravity data provided by 
Geoscience Australia. Three transects were forward-modelled to constrain the 
subsurface geometry of major structures and the composition of rocks at depth. An 
intense linear gravity anomaly that coincides with parts of the Harts Range Group to the 
east of the Harts Range was modelled to test whether it is caused by a significant 
thickness of Harts Range Group (which might represent the remnant Irindina Sub-
basin), or a large mafic body at depth. This modelling was carried out using 
ModelvisionPro software, which allows 2-dimensional sections to be modelled as a 
series of polygonal bodies. 
 
Fieldwork was carried out over two field seasons, each of about 7 weeks duration. In 
order to tackle the range of issues arising from previous work, detailed field mapping 
was not carried out. Instead, individual localities across the region were examined to 
evaluate key relationships and conduct sampling. The relatively unknown areas to the 
southeast of the Entia Dome and east of the Harts Range were examined in most detail, 
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providing valuable new information about the extent and timing of metamorphism and 
the HRG. 
 
2.2 Laboratory techniques 
2.2.1 Mineral separation 
Zircon and monazite separates were prepared from ~2-4 kg samples using clean mineral 
separation techniques. Samples were trimmed of weathered surfaces in the field, 
cleaned of potential surface contamination using water and compressed air in the 
laboratory and crushed in a jaw crusher. The resultant mix of fine and coarse material 
was sieved to separate fragments larger than ~1 cm from finer-grained material, which 
could contain contaminants from previous crushing, reducing the sample size by around 
10-30 % depending on rock type. Samples of small size or those which were less 
competent (e.g. schists) were coarsely crushed manually using a splitter to reduce the 
amount of sample lost in the crushing process. The coarse chips were washed in water 
to remove sand- and dust-sized particles, dried, then ground in a tungsten carbide mill 
and sieved to -60# (<250 µm). Oversize material was re-milled until all the sample 
material was processed. The finely-crushed sample was then ‘de-slimed’ (cleaned of 
dust-sized particles ~10 µm or less) to make later mineral separation less time-
consuming and to use less heavy liquid. This was done by slowly circulating water 
through a large beaker containing the sample, allowing the fines to be washed away in 
suspension. Since this process will also remove the finest-grained zircon and monazite, 
fine-grained samples were de-slimed particularly conservatively to reduce the loss of 
material. 
 
If the sample contained significant amounts of biotite, garnet or hornblende, a Carpco 
magnetic separator was used to remove the bulk of these minerals. The separator was 
thoroughly cleaned using ethanol and compressed air to minimise the chance of 
contamination from earlier samples. The separator was then operated for a short time 
without a sample, and the recovery beakers checked to ensure that no contaminant 
grains were recovered. The relatively weak magnetic fields used in this technique are 
not strong enough to separate metamict zircon, which is commonly weakly magnetic 
(Silver, 1963), and thus the zircon population in the non-magnetic fraction is not 
considered to be significantly biased during this process. Magnetite, if present, was 
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removed using a hand-held magnet to prevent it from interfering with the magnetic 
separation of less magnetic minerals. 
 
Heavy liquid separation techniques were used to extract zircon and monazite 
concentrates. The sample was passed though tetrabromoethane to remove material with 
densities <2.96 g/cm
3
, and methylene iodide to remove material with densities <3.32 
g/cm
3
. A Frantz magnetic separator was used to separate out remaining biotite, 
hornblende or garnet. For detrital zircon samples, magnetic separation was used as little 
as possible to reduce the chances of biasing the sample. 
 
2.2.2 Mineral mounts 
Zircon and monazite were hand-picked from random splits of mineral concentrates and 
mounted as rows of grains in 2.5 cm diameter epoxy resin discs, along with grains of 
the reference zircons SL13, Temora 2 and QGNG or reference monazite WB.T.329 
from the Thompson Mine, Manitoba. Mounts were polished to expose the interior of the 
grains and documented by reflected and transmitted light photomicroscopy. 
Cathodoluminescence (CL) imaging was carried out on a Hitachi S-2250N scanning 
electron microscope to reveal the internal texture of zircon grains. Compositional 
variation in monazite was qualitatively recorded using backscattered electron (BSE) 
imaging. Mounts were cleaned in an ultrasonic bath to remove common Pb from their 
surface using ethanol, petroleum spirit, detergent (RNB) and purified water. Zircon 
mounts were placed in dilute hydrochloric acid for 30 seconds to further reduce the 
amount of surficial common Pb. 
 
2.2.3 SHRIMP analysis and data reduction 
U-Th-Pb isotopic analyses were carried out on SHRIMP I, II and RG at RSES using 
procedures similar to those described by Williams & Claesson (1987), Ireland & 
Williams (1994) and Claoué-Long et al. (1995). The diameter of the analysis spot was 
~10-40 µm with primary ion currents of ~2-6 nA O2
-
. Positive secondary ions were 
extracted at 10 kV, mass analysed at a resolution of ~5000 and the Zr, Pb, U and Th 
species of interest measured on a single electron multiplier by cyclic stepping of the 
magnetic field. Fractionation of Pb relative to U was corrected using the relationship 
Pb
+
/U
+
=A(UO
+
/U
+
)
2
 (Claoué-Long et al., 1995). From a presently limited database, it 
appears that the same relationship is also a good first order correction for inter-element 
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fractionation in the ion emission from monazite (Williams, 1998). The compositions 
assumed for standards were SL13: U = 238 ppm; Temora 2: radiogenic 
206
Pb/
238
U = 
0.06683; QGNG: radiogenic 
206
Pb/
238
U = 0.33076; WB.T. 329: U = 2100 ppm, 
radiogenic 
206
Pb/
238
U = 0.3152. All ages were calculated using the decay constants 
recommended by the IUGS Subcommission on Geochronology (Steiger & Jäger, 1977). 
Analytical uncertainties listed in tables and plotted in figures are one standard error 
precision estimates. Uncertainties in pooled ages are 95% confidence limits (t) and in 
the case of 
206
Pb/
238
U ages, include the uncertainty in the Pb/U analysis of the 
appropriate standard (usually 0.3-0.5 %). 
 
SHRIMP analysis of detrital zircon samples was carried out by systematically stepping 
along a row and analysing every grain with growth zones of sufficient size, including 
metamict or very low-U grains. This was done to ‘randomise’ the sampling as much as 
possible and to minimise the chance of missing an age population through sampling 
bias. Generally, a minimum of 60 grains were analysed in each detrital sample, based on 
the calculation by Dodson et al. (1988) that this number of grains gives a 95% chance of 
analysing age components with a relative proportion of >5% of the total population. 
However Vermeesch (2004) argued that this calculation was flawed and that 95 
analyses are required to achieve this probability. Sixty analyses instead give a 95% 
chance that no population fraction >8.5% was missed. 
 
In most cases, reduction of the data to produce raw isotopic ratios was generally carried 
out using the Prawn 6.5.5 software package (T.R. Ireland, ANU). Calibration to 
standard zircon compositions and corrections for inter-element fractionation and 
common Pb were carried out using the Lead 6.5.5 software package (T.R. Ireland, 
ANU). Statistical calculation of ages and errors was done using an Excel macro created 
by I. Williams (ANU). This process of data reduction was used in preference to the 
more straightforward Squid data reduction software (Ludwig, 2001) as it allows greater 
flexibility in reduction of the raw data and is more ‘transparent’ to the user. The 
disadvantage of the chosen data reduction method is that there is a higher potential for 
user error in calculations, requiring checking at each stage of the process. In a few cases 
where there was relatively large variation in the SHRIMP primary beam strength, the 
Squid 1.03 software package (Ludwig, 2001) was used, because it handles variable 
analytical conditions better than the Prawn software. 
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Zircon typically incorporates very little Pb during its formation, but this must be 
corrected for to obtain the most accurate age possible for an analysis. Common Pb can 
be derived from several sources: sub-microscopic mineral inclusions; Pb added to the 
zircon by processes such as alteration; Pb trapped within microfractures; and laboratory 
Pb from polishing compounds, aerosols and coating materials (Ireland & Williams, 
2003). In this study radiogenic lead compositions were corrected for common Pb 
assuming a laboratory-derived common Pb composition for low Pb levels and rock-
derived Pb for higher levels, though it is worth noting that the calculated ages are 
relatively insensitive to the choice of common Pb composition. 
 
The common Pb content can be estimated by measuring 
204
Pb, which is not produced by 
the decay of U or Th in the zircon. If ƒ is defined as the fraction of initial 206Pb: 
 
 tot
206
init
206 Pb/Pbf  
 
then ƒ can be calculated from the measured 204Pb/206Pb: 
 
 
init
206204
tot
206204
Pb)Pb/(
Pb)Pb/(
f  
           
The initial proportion of 
204
Pb to other Pb isotopes can be measured on cogenetic 
minerals with high common Pb or estimated from common Pb growth curves (e.g. 
Cumming & Richards (1975)) . This method works well for relatively old zircon (> ~1.4 
Ga), but is less precise for younger or low-U zircon, which has low 
207
Pb/
204
Pb. 
 
Relatively precise corrections can be made to Pb measurements on younger zircon if the 
analyses are assumed to be concordant, using the measured 
207
Pb/
206Pb. ƒ is calculated 
from: 
 
rad
206207
init
206207
rad
206207
tot
206207
)PbPb/(Pb)Pb/(
)PbPb/(Pb)Pb/(


f  
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which is then used to calculate a corrected 
206
Pb/
238
U age. This correction is applied 
iteratively, with the corrected age used to calculate a revised ƒ and corrected age. 
Although concordance is assumed in these calculations, discordance can be evaluated 
by determining the degree of variability in the analyses of a single population. 
Discordance and/or inheritance will be evident as excess scatter of the corrected 
206
Pb/
238
U analyses beyond that expected from analytical uncertainty alone. 
 
A similar correction for common Pb can be made using 
208
Pb/
206
Pb and the measured 
Th/U, with ƒ calculated by: 
 
 
rad
206208
init
206208
rad
206208
tot
206208
Pb)Pb/(Pb)Pb/(
Pb)Pb/(Pb)Pb/(


f  
 
The expected 
208
Pb/
206
Pb is calculated from Th/U, based on the assumption that the 
Th/U and 
208
Pb/
206
Pb have not changed, other than by radioactive decay. These 
assumptions are not always met, since 
208
Pb  is more easily lost from zircon than 
206
Pb. 
This correction can work well for zircon with low Th/U (<0.1), but becomes less precise 
for higher Th/U as the radiogenic 
208
Pb/
206
Pb value approaches that of common Pb 
(Ireland & Williams, 2003). 
 
In this study, 
207
Pb/
206
Pb ages were calculated using 
204
Pb correction, while 
206
Pb/
238
U 
ages were typically calculated using 
207
Pb correction. 
 
2.2.4 Data presentation 
2.2.4.1 Concordia diagrams 
The standard method for plotting U-Pb analyses is on a concordia diagram. A 
conventional concordia diagram plots the daughter-parent ratios 
206
Pb/
238
U against 
207
Pb/
235
U (Wetherill, 1956). If the isotopic system of a zircon has not been disturbed, 
the age calculated from the two Pb/U ratios will be equal and the analysis is considered 
to be concordant. A plot of concordant points for all times in the past defines a line 
termed the Concordia (Fig. 2.1). If an analysis plots away from the Concordia, it is 
considered to be discordant, which indicates that either the zircon has not remained a 
closed system with respect to Pb and U or that a mixed isotopic composition has been 
measured. Although zircon generally exhibits closed-system behaviour, radiation 
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damage of the mineral lattice (typically in zircon containing high concentrations of U) 
may allow migration of trace elements out of the zircon in the presence of a fluid. Loss 
of Pb is considered to be the most common mechanism by which isotopic disturbance 
occurs, since Pb is significantly less compatible with the zircon crystal structure than U. 
Variable Pb loss from a single zircon population will define a line on a concordia 
diagram (chord) with upper intercept that defines the age of zircon formation and a 
lower intercept that reflects the timing of isotopic disturbance (Fig. 2.1). 
 
 
 
Figure 2.1. Wetherill concordia diagram showing hypothetical analyses of igneous zircon with significant 
isotopic disturbance. The upper intercept of the discordia chord defines the crystallisation age (3000 Ma), 
and the lower intercept (1200 Ma) the time of isotopic disturbance (e.g. Pb loss). 
 
A variant of the Concordia plot is the scheme developed by Tera and Wasserburg 
(1972), in which 
207
Pb/
206
Pb is plotted against 
238
U/
206
Pb (Fig. 2.2). As with the 
Wetherill plot, a concordia line can be defined to test for isotopic disturbance. This 
scheme has certain advantages over the Wetherill Concordia including: 1) the isotopic 
composition of common Pb can be calculated for a single zircon population with 
variable common Pb by extrapolating uncorrected data back to the 
207
Pb/
206
Pb axis from 
the concordant 
238
U/
206
Pb ratio; 2) the plotted ratios are both directly measured rather 
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than calculated, as with 
207
Pb/
235
U; 3) the correlation of errors is lower than for 
Wetherill Concordia, making plotting and regression simpler, and 4) the recent Pb loss 
vector is horizontal, making it easier to identify. Tera-Wasserburg plots have been used 
in this study for these reasons. Concordia plots generated using the Isoplot 3 software 
package (Ludwig, 2004), and plot 
204
Pb corrected data.  
 
 
 
Figure 2.2. Tera-Wasserburg concordia diagram showing hypothetical uncorrected data with variable 
common Pb (common Pb contents are unusually high for the purposes of this diagram). Numbers along 
concordia are ages in Ma. The upper intercept (off scale) defines the composition of common Pb and the 
lower intercept the age of the zircon (800 Ma). Variable recent Pb loss would form a horizontal data array 
with an ‘upper’ intercept at the age of the zircon. 
 
2.2.4.2 Probability density histograms 
Probability density histograms are widely used to present the results of detrital zircon 
analyses (Fig. 2.3). The plot is similar to the more conventional binned frequency 
histogram in that it displays age vs frequency, but differs in that it takes into account the 
analytical uncertainties associated with each analysis, which vary between analyses 
depending on factors such as U concentration. Calculated ages for individual analyses 
are plotted as gaussian distributions incorporating the measured uncertainties, and 
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summed to generate a relative probability curve. In contrast with a binned frequency 
histogram, in which the height reflects frequency, the area beneath the curve reflects the 
frequency of analyses of a particular age range. For ages younger than ~1.3 Ga, 
206
Pb/
238
U ages were plotted, and for ages older than ~1.3 Ga 
207
Pb/
206
Pb ages were 
used. This was done because the relative difference in decay rates between the 
235
U-
207
Pb and 
238
U-
206
Pb systems means that the 
206
Pb/
238
U age has a lower uncertainty for 
younger grains than the 
207
Pb/
206
Pb age, which is more precise for older grains. 
 
 
Figure 2.3.  Relative probability histogram of detrital zircon data, showing several age clusters. The 
youngest grain at ~490 Ma defines the maximum depositional age. 
 
The modes of zircon age clusters reported in this work were derived from visual 
inspection on the relative probability histograms and generally quoted to the nearest 10 
Ma. 
 
2.2.5 Behaviour of zircon and monazite during metamorphism 
The isotopic composition of zircon is typically preserved through high-grade 
metamorphism due to the extremely low diffusion rates of Pb, U and Th in zircon, even 
at high temperatures and pressures (Lee et al., 1997; Cherniak & Watson, 2001; 
Cherniak & Watson 2003). Based on the measured diffusion rate of Pb in zircon, the 
calculated closure temperatures for Pb in a zircon of 100 µm effective diffusion radius 
for a cooling rate of 10 °C/ m.y. is 991 °C (Cherniak & Watson, 2003). This is in broad 
agreement with evidence from field-based studies which suggest that the closure 
temperature exceeds ~950-1000 °C (e.g. Black et al., 1986; Claoué-Long et al., 1991; 
Williams, 2001). These temperatures are significantly higher than those during peak 
metamorphism of the Harts Range Group, which are in the order of 800 °C (e.g. Miller 
et al., 1997; Mawby et al., 1999). The isotopic composition of remnant detrital zircon in 
metasediments of the Harts Range Group is thus expected to be largely unaltered by 
granulite-facies metamorphism of the Larapinta Event. 
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The most common expression of high-grade metamorphism in zircon is the formation of 
new zircon growth, either as overgrowths on pre-existing grains or as newly formed 
crystals. Metamorphic zircon has been recorded from a wide variety of lithologies, and 
is typically best developed in rocks that have experienced metamorphic grades of at 
least upper amphibolite facies (Hoskin & Schaltegger, 2003). Metamorphic zircon has 
been documented as having formed under prograde conditions (Liati & Gebauer, 1999; 
Bingen et al., 2001), peak metamorphism (Bea & Montero, 1999; Hoskin & Black, 
2000; Möller et al., 2002), and retrograde metamorphism (Pan, 1997; Roberts & Finger, 
1997; Degeling et al., 2001; Whitehouse & Platt, 2003; Liu et al, 2004). Metamorphic 
zircon overgrowths typically have a different morphology to magmatic crystals, often 
forming equant, multifaceted shapes (‘soccerball’ zircon, e.g. Vavra et al, 1996; 
Schaltegger et al., 1999) or thick prismatic terminations dominated by {211} crystal 
faces (Williams, 2001; Hoskin & Schaltegger, 2003). Although metamorphic zircon can 
grow under sub-solidus conditions, the presence of partial melt appears to be important 
in the formation of relatively thick overgrowths (Schaltegger et al., 1999; Williams, 
2001; Rubatto et al., 2001). The Zr in these overgrowths can be derived from the 
metamorphic breakdown of Zr-bearing phases such as hornblende, garnet, biotite, 
ilmenite or pre-existing zircon (e.g. Vavra et al., 1996; Fraser et al., 1997; Bingen et al., 
2001; Degeling et al., 2001). 
 
In cathodoluminescence images, metamorphic zircon may show a variety of internal 
textures, ranging from relatively homogeneous to irregular or convolute (Corfu et al., 
2003). Metamorphic zircon can form as overgrowths on pre-existing grains or by 
recrystallisation of older grains. Recrystallisation is often associated with the formation 
of convolute zoning or the partial preservation of primary textures (‘ghost textures’) 
(e.g. Hoskin & Black, 2000; Rubatto & Gebauer, 2000). Ghost textures have been 
interpreted to reflect partial subsolidus recrystallisation of primary grains and may yield 
mixed isotopic signatures, interpreted as partial isotopic resetting (Hoskin & Black, 
2000). These textures are typically different to those shown by magmatic zircon 
crystals, which commonly display oscillatory zoning or, less commonly, sector zoning 
(Rubatto & Gebauer, 2000; Corfu et al., 2003).  
 
It is a common observation that metamorphic zircon has low Th/U, typically less than 
~0.1 (Williams & Claesson, 1987; Heaman et al., 1990; Williams et al., 1996; Rubatto 
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& Gebauer, 2000; Hoksin & Schaltegger, 2003).  Rubatto & Gebauer (2000) outlined 
three possible processes by which the relatively low Th content of metamorphic zircon 
could occur: (1) Th mobilised during metamorphism is incorporated into other 
crystallising phases such as monazite, titanite or allanite; (2) insufficient Th is liberated 
during metamorphism and so zircon overgrowths are relatively Th-poor; (3) the relative 
incompatibility of Th vs U in the zircon crystal lattice at relatively low metamorphic 
temperatures causes U to be preferentially incorporated into newly formed zircon, or Th 
to be preferentially expelled from recrystallising zircon (e.g. Hoskin & Black, 2000). 
Higher Th/U values have been recorded from metamorphic zircon interpreted to have 
been formed during solid-state recrystallisation of igneous zircon (Hoskin & Black, 
2000). In this situation, incomplete recrystallisation was considered to be responsible 
for a correlation between Th/U and age, reflecting isotopic and trace element ‘memory’ 
of magmatic compositions. 
 
In contrast, igneous zircon tends to have a higher Th/U than metamorphic zircon, with 
values typically ranging between 0.1 and 1.0 (Rubatto & Gebauer, 2000; Hoskin & 
Schaltegger, 2003). Lower Th/U values have been recorded for S-type granites, where 
in extreme cases Th/U values <0.04 have been recorded  (e.g. Williams, 2001), but such 
low values are relatively uncommon. 
 
The closure temperature of Pb diffusion in monazite is thought to be even higher than 
that of zircon (Cherniak et al., 2002), making it an effective recorder of high-grade 
metamorphism. Despite its high closure temperature, monazite rarely preserves 
inherited cores, which implies that thermal effects are unlikely to be as significant a 
factor as chemical and metamorphic stability through tectonism. As a generalisation, 
monazite tends to be uncommon in low-grade metasediments and increasingly abundant 
at higher grades. This was interpreted by Overstreet (1967) to be a result of monazite 
breakdown during low-grade metamorphism, followed by new monazite growth during 
high-grade metamorphism; an interpretation that appears to hold true in many cases 
(e.g. Smith & Barreiro, 1990; Kingsbury et al., 1993; Williams, 2001). In a detailed 
study of the behaviour of zircon and monazite during metamorphism in the Cooma 
Complex of southeastern Australia, Williams (2001) found that detrital monazite began 
to dissolve at lower amphibolite facies and was almost completely removed at upper 
amphibolite facies. Metamorphic monazite began to grow at higher grades and was 
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most coarse-grained in rocks that had undergone partial melting. In contrast, Rubatto et 
al. (2001) found that remnant detrital monazite with metamorphic overgrowths persisted 
at up to granulite-facies in metasediments from the Reynolds Range in central Australia. 
Factors that appear to affect the survival of monazite through metamorphism include: its 
abundance, grainsize, composition of the host rock, temperature and the duration of 
metamorphism (Williams, 2001). 
 
2.2.6 Thermobarometry 
Mineral chemistry was used to estimate the pressure and temperature of metamorphism 
for two samples. Major-element analyses were conducted at the Research School of 
Earth Sciences, ANU by wavelength dispersive spectrometry (WDS) using a Cameca 
SX 100 electron microprobe. The beam current was 20 nA and the acceleration voltage 
was set to 15 kV. A slightly de-focussed beam (5µm diameter) was used to prevent 
alkali-loss from the analysed micas. Alkalis were always measured first in the protocol. 
Counting times were 10 seconds on peak for Na, K, Mg, Al, Fe and Si; 20 seconds for 
Ti and Ca; 30 seconds for Mn and Cl. The background was measured on both sides of 
the peak for half the peak-time. Natural and synthetic materials were used as standards.  
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Chapter 3 
 
Detrital zircon geochronology of the 
Amadeus and Georgina basins 
 
 
 
3.1 Summary 
Detrital zircon geochronology of Neoproterozoic to Devonian sediments from the 
Georgina and Amadeus basins of the former Centralian Superbasin reveals marked 
changes in provenance as a result of changing tectonic and eustatic conditions. Through 
much of the Neoproterozoic, sediments appear to have been sourced predominantly 
from the Arunta and Musgrave inliers. A close similarity in detrital age signatures of 
late Neoproterozoic sedimentary rocks in the Amadeus and Georgina basins suggests 
that the two basins were still contiguous at this time. A dominant population of 
Grenville-age zircons in Early Cambrian sediments of the Amadeus Basin reflects the 
uplift of the Musgrave Inlier during the Petermann Orogeny at 560-520 Ma, which shed 
large amounts of detritus into the Amadeus Basin. Early Cambrian sediments in the 
Georgina Basin have a much smaller proportion of Grenvillean ages, possibly due to the 
formation of sub-basins along the northern margin of the Amadeus Basin, which might 
have acted as a barrier to sediment transfer. An influx of ~0.5-0.6 Ga zircon towards the 
end of the Cambrian marks the formation of the Larapintine seaway across central 
Australia, possibly as a result of intracratonic rifting. Detrital zircon spectra from 
sedimentary rocks deposited within the seaway are almost identical to those of 
Ordovician sediments from the Pacific Gondwana margin, implying that sediment was 
transported across central Australia via the seaway from southeastern Australia. The 
remarkably consistent ‘Pacific Gondwana’ signature of Cambro-Ordovician sediments 
in central and eastern Australia reflects a distal source, possibly from as far afield as the 
Mozambique Belt of eastern Africa. The peak development of the seaway in the early to 
mid Ordovician coincides with granulite-facies metamorphism at mid-crustal depths 
(the Larapinta Event). The presence of the seaway, the lack of a local basement zircon 
component in Cambro-Ordovician sediments and the relative maturity of these 
sediments suggests that no mountain building accompanied metamorphism, consistent 
with an extensional or trans-tensional tectonic setting. Syn-orogenic sediments 
deposited at ~435-405 and ~365 Ma during subsequent basin inversion as a result of the 
Alice Springs Orogeny have detrital signatures similar to those of Cambro-Ordovician 
sedimentary rocks, indicating that they were derived from reworking of the ~500-460 
Ma sequence. 
 
 
3.2 Introduction 
The depositional record of sedimentary basins provides valuable information about the 
effects of tectonism, complementing structural and metamorphic studies in more highly 
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deformed basement terrains (e.g. Blair & Bilodeau, 1988; Haines et al. 2001; McCann 
& Saintot, 2003). The type, distribution and sequence of sedimentation reveals much 
about the development of accommodation space in response to basin forming processes, 
and in fossiliferous sequences can place valuable timing constraints on tectonic 
processes.  
 
Dating of detrital zircon is an effective method for determining provenance of 
sedimentary sequences, and when used in conjunction with sedimentological studies is a 
powerful tool for analysing the timing and nature of orogenic events (Ross & Bowring, 
1990; Mahoney et al., 1999; Sircombe & Freeman, 1999; DeGraaff-Surpless et al., 
2002; Goodge et al., 2004a, b). The distribution of ages of detrital zircon in a sediment 
reflects zircon ages in the source region which, if sufficiently characteristic, can be used 
to identify the provenance. Sediment input into a basin is strongly influenced by uplift 
or subsidence of local basement regions, but may also be derived from sources many 
hundreds or thousands of kilometres distant. The varying significance of basement 
sources in a sediment can thus be used to track tectonic and eustatic events in the basin 
and surrounding regions. 
 
The Amadeus and Georgina basins, which are remnants of the former Centralian 
Superbasin of central Australia (Walter et al., 1995), contain a depositional record 
spanning the Neoproterozoic to Devonian, and have been influenced by a number of 
intracratonic tectonic events. The most recently discovered of these is the early 
Ordovician Larapinta Event, which resulted in the formation of granulites in the Harts 
Range region, between the two basins (Mawby et al., 1999; Hand et al., 1999). Limited 
previous detrital zircon data from the granulites indicate that the protoliths to the high-
grade metamorphics were deposited at a similar time to sediments in the Centralian 
Superbasin, and rapidly buried and metamorphosed beneath a marine seaway (Buick et 
al., 2001).  
 
A systematic detrital zircon study of sediments from the Amadeus and Georgina basins 
has been carried out to track tectonic changes in the central Australian region and to 
provide a reference against which detrital zircon populations in the high-grade 
metasediments from the Harts Range region can be compared. If the metasediments and 
adjacent basin sequences can be correlated, then the relatively well-understood 
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sedimentary history of the Amadeus and Georgina Basins can be used to provide a 
context in which to understand the tectonism associated with the Larapinta Event. The 
results show that changes in provenance of the Centralian Superbasin sediments closely 
reflect tectonism within the superbasin and surrounding regions, and imply that the 
Larapinta Event took place beneath an extensionally generated depocentre. 
 
 
 
 
3.3 Geological background 
During the Neoproterozoic and early Palaeozoic, a large portion of central Australia was 
occupied by an interconnected depositional system known as the Centralian Superbasin 
(Walter et al., 1995). The remnants of this superbasin are the Georgina, Amadeus, 
Ngalia, Officer and Savory basins, which contain sequences of continental to shallow 
marine sedimentary rocks with similar depositional histories (Fig. 3.2). At different 
times, parts of the Centralian Superbasin were also linked to other basins such as the 
Figure 3.1. Sedimentary basins of Australia (Geoscience Australia). 
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Canning and Wiso basins to the west and north, the Warburton Basin to the southeast 
and the Adelaide Rift Complex to the south (Fig. 3.1; Shaw et al., 1991). This system 
was disrupted in the Palaeozoic by uplift of Palaeo- to Mesoproterozoic basement 
inliers to form the current structural basins. 
 
The Centralian Superbasin consists of a number of depositional sequences resulting 
from a complex interplay between tectonic and eustatic influences (Walter et al., 1995; 
Shaw et al., 1991; Lindsay & Korsch, 1989, 1991). The general sequence of 
sedimentation is common to all the component basins, suggesting a common tectonic 
driver, though the detailed nature of sediments varies somewhat in different areas 
(Lindsay, 2002). The Amadeus Basin is the most intensively studied of all the basins of 
the Centralian Superbasin and has formed a reference against which other sequences are 
compared. 
 
 
 
 
 
Shaw et al. (1991) and Shaw (1991) identified nine tectonostratigraphic sequences in 
the Neoproterozoic to Devonian sediments of the Amadeus Basin, characterised by 
intervals of subsidence separated by periods of erosion and changes in basin 
morphology (Figs. 3.3, 3.4). A similar scheme is adopted in this study, with 
modification of the Neoproterozoic sequences based on the subdivision of Walter et al. 
(1995) and Walter & Veevers (1997). Although deposition of these sequences occurred 
over a period of 450 to 500 million years, sedimentation was episodic, with active 
Figure 3.2. Distribution of the Neoproterozoic to early Palaeozoic Centralian Superbasin. 
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sedimentation totalling less than half of this period. Sequence 1 (~0.8 Ga?) is 
characterised by broad subsidence or downwarping, possibly a result of thermal 
subsidence following plume-related magmatism recorded in the ~0.8 Ga Amata and 
Gairdner dyke swarms of central and southern Australia (Zhao et al., 1994; Lindsay, 
1999). The second and third sequences (600-580 Ma, 580-570 Ma) are largely the 
consequence of intense global glaciation events, the Snowball I and II Events of 
Hoffman et al. (1998) and subsequent eustatic sea level rise following deglaciation 
(Walter et al., 2000). Sequences 4 and 5 (550-530 Ma, 510-497 Ma) appear to reflect 
tectonic influences, including uplift of nearby regions and the formation of localised 
deeper sub-basins. Sequence 6 sedimentation (497-455 Ma) took place largely within a 
shallow seaway, and abruptly ceased with the onset of crustal shortening and syn-
orogenic sedimentation of Sequences 7, 8 and 9 between 455 and 360 Ma. Although 
tectonism continued until at least ~320 Ma, there are no preserved Carboniferous syn-
orogenic sedimentary rocks. However, vitrinite and conodont maturation studies 
(Jackson et al., 1984; Gorter, 1984), apatite fission track data (Tingate, 1991) and K-
feldspar thermal modelling (Shaw, 1987) suggest that at least an additional 2 km 
thickness of sediment once overlay the uppermost parts of the sequence in the northern 
Amadeus Basin. This implies that a significant thickness of Carboniferous sediment was 
deposited during the Mount Eclipse Movement towards the end of the Alice Springs 
Orogeny. 
 
Several tectonic models have been proposed for the formation of the Centralian 
Superbasin, with attention mainly focussed on the well-documented Amadeus Basin. 
Extensional models for the Amadeus Basin include aulacogen models (Rutland, 1976; 
Veevers, 1976; Doutch & Nicholas, 1978; Bozhkov, 1986), and a pull-apart basin 
model (Veevers, 1984). Lambeck (1983, 1984) and McQueen & Beaumont (1989) 
proposed compressional models for basin formation, involving crustal warping and 
block faulting as a result of north-south shortening. Lindsay et al. (1987) considered that 
the Centralian Superbasin formed as a result of two rifting events: one at the initiation 
of the superbasin (~850 Ma), and one at ~600 Ma, followed by an extended period of 
basin inversion beginning at ~450 Ma. Shaw et al. (1991) concluded that no single 
tectonic mechanism could be invoked to explain the multiple phases of subsidence in 
the Amadeus Basin. Instead, they considered the Amadeus Basin to be a series of 
‘successor basins’, with differing tectonic regimes during each phase of sedimentation. 
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Figure 3.3. Stratigraphic column for the Amadeus and Georgina basins, after Shaw (1991), Kruse et al. 
(2002). 
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Figure 3.4. Depositional patterns of the nine major stratigraphic sequences in the Amadeus and 
Georgina basins, after Shaw (1991). 
Figure 3.5. Major morphological features of the Amadeus Basin, from Lindsay & Korsch (1991). 
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The relatively recent discovery that high grade metasediments of the Harts Range Group 
in the Harts Range region, between the Amadeus and Georgina basins, are not 
Palaeoproterozoic, but as young as Cambrian in age and metamorphosed during the 
Early Ordovician has required a radical re-evaluation of the Palaeozoic tectonic setting 
of central Australia (Mawby et al., 1999; Hand et al., 1999; Buick et al., 2001). Key to 
any Palaeozoic tectonic reconstruction is an understanding of the tectonic controls on 
the Amadeus and Georgina basins. The character, distribution and provenance of 
sedimentation in the basins provide important information about tectonic processes in 
operation during this period (e.g. Shaw et al., 1991). Detrital zircon from a range of 
sedimentary units within the Georgina and Amadeus Basins was dated to track changes 
in provenance that reflect the effects of tectonism. These provenance signatures also 
provide a reference against which high-grade metasediments from the Harts Range 
might be compared, allowing the evaluation of potential correlations between the 
metamorphosed and unmetamorphosed sequences. 
 
3.4 Potential sediment sources 
There are a number of basement inliers which were potential sediment sources for the 
Centralian Superbasin. Expected zircon age distribution histograms for many of these 
regions have been generated by Pell et al. (1997) and Camacho et al. (2002), which 
provide useful references for identifying provenance (Fig. 3.6). Although magmatic, and 
to a lesser extent metamorphic events, will dominate the expected zircon age spectrum 
of a terrane, older populations of zircon sequestered in sedimentary rocks and 
metasediments will also contribute to the signature. It should also be borne in mind that 
zircon preservation in sediments has a certain amount of inherent bias, with older, high-
uranium grains being less likely to survive transport and reworking within a 
sedimentary environment than younger, lower-uranium grains.  
 
3.4.1 Arunta Inlier 
The extensive Arunta Inlier to the north of the Amadeus Basin has a prolonged 
Palaeoproterozoic to Palaeozoic tectonothermal history (Fig. 1.3; Collins & Shaw, 
1995; Scrimgeour, 2002). The bulk of crustal generation and metamorphism took place 
between ~2.0 and 1.5 Ga, with two main peaks at ~1.79 Ga and ~1.58 Ga (Camacho et 
al., 2002). Although the ~1.57-1.59 Ga Chewings Event was a major metamorphic 
event in the Arunta Inlier, there was little associated magmatism, meaning that zircon 
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formation was dominated by metamorphic overgrowths, which are vulnerable to 
abrasion during sediment transportation. The 1.57-1.59 Ma peak is thus unlikely to be a 
significant component of sediment derived from the Arunta Inlier. Detrital zircon from 
metasediments typically has ages between ~1.8-1.9 Ga and ~2.5 Ga. A younger terrane 
in the southwestern Arunta Inlier has intrusive and volcanic ages of 1.69-1.66 Ga and 
1.64-1.63 Ga Close et al. (2003), which serves to distinguish it from the rest of the inlier 
(Fig. 3.6). Minor Grenvillean-age magmatism occurs in the Mordor Pound area in the 
southeastern part of the inlier (Black & Shaw, 1991; Hoatson et al., 2002). 
 
 
 
 
 
3.4.2 Musgrave Inlier 
The Musgrave Inlier to the southwest of the Amadeus Basin is a Mesoproterozoic 
terrane that experienced a markedly different history from the Arunta Inlier (Fig. 3.6). 
There was widespread felsic magmatism between 1.20-1.05 Ga, including major peaks 
at 1.18 Ga and 1.07 Ga and minor peaks at 1.58 and 1.30 Ga (Camacho et al., 2002). 
The 1.07 Ga age component is characteristic of the Musgrave Complex and serves to 
distinguish it from surrounding basement terranes (Camacho et al., 2002). Recent 
detrital zircon analysis of metasediments from the Musgrave Inlier (Wade & Maidment, 
Figure 3.6. Expected detrital zircon ages for source areas in the central Australian region, 
modified from Pell et al. (1997), Camacho et al. (2002). 
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unpubl. data) shows significant inherited components with ages between 1.35 and 1.9 
Ga. 
 
3.4.3 Paterson Orogen 
The Palaeo- to Mesoproterozoic Paterson Orogen to the northwest of the Amadeus 
Basin is dominated by Palaeoproterozoic ages with a relatively narrow peak at ~1.80-
1.75 Ga (Fig. 3.6). There is also a population of Grenville ages and a small group at 
~625 Ma, derived from post-tectonic granites. The relative paucity of geochronological 
data from the Paterson Orogen means that the expected zircon signature of this terrane 
is less well defined than others in the region. 
 
3.4.4 Tennant Creek Inlier 
The Tennant Creek Inlier to the west of the Georgina Basin has a relatively narrow 
range of ages, with the bulk between 1.88-1.82 Ga, and a peak at ~1.85 Ga (Compston, 
1995). The detrital zircon in one dated sediment from the Tennant Creek Inlier is 
dominated by 1.9-1.8 Ga ages (Compston, 1995). 
 
3.4.5 Mount Isa Inlier 
Zircon ages in the Mount Isa Inlier to the northeast of the Georgina Basin range 
between 1.87-1.50 Ga, with peaks at ~1.87-1.84 Ga, ~1.80-1.78 Ga, ~1.76-1.72 Ga, 
~1.67-1.65 Ga and ~1.6-1.5 Ga (Pell et al., 1997). 
 
3.4.6 Gawler Craton 
The Gawler Craton is a late Archaean to Mesoproterozoic basement province, the 
sediments in which were deposited after ~2.64 Ga (Swain et al., 2004). Metamorphism 
and granite intrusion occurred between 2.6 and 2.4 Ga, with gneiss ages between 2.5-2.4 
Ga and 2.01-1.96 Ga. Later deformation and voluminous granite intrusion occurred 
between 1.85-1.69 Ga, minor felsic magmatism at 1.65 Ga and voluminous felsic and 
mafic magmatism at ~1.59 Ga. 
 
3.4.7 Tanami Province 
Felsic intrusive and extrusive rocks in the Tanami Province have a relatively restricted 
range of ages between ~1.80 and 1.83 Ga (Cross et al., 2003). Low-grade 
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metasediments in the region are dominated by detrital zircon ages between ~1.8 and 
~1.9 Ga, with secondary peaks at ~2.5 and ~2.2 Ga (Cross et al., 2003). 
 
3.5 Previous provenance studies 
A limited amount of isotopic provenance work has been carried out in the Amadeus 
Basin, mainly in the far southwestern and central-northern parts of the basin; however 
there are no data for the Georgina Basin. Zhao et al. (1992) collected whole-rock Sm-
Nd and zircon U-Pb data for Neoproterozoic and Cambrian sediments from the 
Amadeus Basin. Their Sm-Nd data were consistent with the sediments being sourced 
from both the Arunta Inlier and the Musgrave Inlier, with the proportion of detritus 
sourced from the Musgrave Inlier increasing up-section. Detrital zircon analyses of two 
units (the Neoproterozoic Heavitree Quartzite and Cambro-Ordovician Goyder 
Formation) provided a basis for interpreting the Sm-Nd data, with the Heavitree 
Quartzite dominated by zircons of Arunta Inlier age (~1.9-1.5 Ga) and the Goyder 
Formation containing a range of younger zircon ages, consistent with ages known from 
rocks of the Musgrave Inlier. 
 
Barovich & Foden (2000) examined the Nd isotopic compositions of Cambrian and 
Ordovician rocks from the Amadeus Basin and concluded that the sediments were 
derived primarily from the Musgrave Inlier during the Cambrian, but had a more 
widespread regional source in the Ordovician. 
 
Camacho et al. (2002) dated detrital zircon from five Neoproterozoic to Early Cambrian 
sedimentary units in the far southwestern part of the Amadeus Basin to test a ‘thermal 
blanket’ model of orogeny in the adjacent Musgrave Inlier. They found a major 
component of Grenville-age (~1.2-1.0 Ga) zircon in these sedimentary rocks, apparently 
sourced from the Musgrave Inlier. From this they inferred that the Musgrave Inlier was 
emergent before and during the Early Cambrian Petermann Orogeny, rather than buried 
beneath an insulating sediment layer. 
 
Detrital zircon from the latest Neoproterozoic to Early Cambrian Arumbera Sandstone 
and Late Cambrian Pacoota Sandstone at Ellery Creek, ~80 km west of Alice Springs, 
was dated by Buick et al. (2005) to evaluate potential correlations between the Amadeus 
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Basin and Harts Range Group. Similarities between the two sequences broadly support 
the correlation and form the starting point for the work presented here. 
 
3.6 Results 
Samples in this study were collected from the southwestern Georgina Basin and the 
northeastern Amadeus Basin to provide local context for the Harts Range Group. Eight 
of the nine principal sedimentary sequences were sampled to provide information on the 
main depositional phases and later Palaeozoic basin inversion. Equivalent units were 
sampled from the latest Neoproterozoic and Cambrian sequences in each basin to 
evaluate the consistency of the detrital signature and test inter-basin correlations during 
the inferred period of deposition and metamorphism of the protoliths to the Harts Range 
Group. Where possible, poorly-sorted or immature sedimentary rocks were avoided in 
favour of more mature sediments, which are more likely to contain zircon more 
representative of the range of zircon ages in the regional sedimentary environment.  
 
 
 
 
 
 
 
Figure 3.7. Location map of samples from the Amadeus and Georgina basins. 
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Figure 3.8. Sample localities from the southern Georgina Basin. 
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 Figure 3.9. Sample locality map, Ross River Gorge, Amadeus Basin. 
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3.6.1 Sequence 1 (~1.0/0.85-0.75 Ga) 
According to Lindsay & Korsch (1989), the initiation of the Amadeus Basin was 
marked by the appearance of clastic sedimentary rocks, basalts and felsic igneous rocks 
of the Mount Harris Basalt, Bloods Range Beds and Dixon Range Beds in the far 
southwestern and northwestern margins of the basin. They interpreted this bimodal 
magmatism to be rift-related and correlated the basalts with the Stuart Dyke Swarm in 
the underlying Arunta Inlier, which has a Sm-Nd mineral age of 1076 ± 33 Ma (Zhao & 
McCulloch, 1993). Shaw (1991) and Shaw et al. (1991) noted that the basalts might also 
be correlatives of volcanics of the Tollu Group further to the west, which have a broadly 
similar Rb-Sr whole-rock age of 1042 ± 23 Ma (recalculated from 1064 Ma age of Gray 
(1971) using the currently accepted decay constant). 
 
This ‘rift sequence’ of Lindsay & Korsch (1991) is unconformably overlain by a 
uniform sheet of fluvial to marine sandstone which is present in all the component 
basins, however there are relatively few data to constrain its depositional age. In the 
Amadeus Basin, this unit is represented by the Heavitree Quartzite, which 
unconformably overlies the 1076 ± 33 Ma Stuart Dyke Swarm in the southern Arunta 
Inlier and the Kulgera Dyke Swarm in the Musgrave Inlier, on which a Rb-Sr age of 
1054 ± 14 Ma (Camacho et al., 1991) and a Sm-Nd age 1090 ± 32 Ma (Zhao & 
McCulloch, 1993) have been measured. The Bitter Springs Formation of the Amadeus 
Basin overlies the Heavitree Quartzite and contains spilitic volcanics with geochemical 
similarities to the Amata dyke swarm in the central Musgrave Inlier. The latter has a 
baddelyite U-Pb age of 824 ± 4 Ma (Glikson et al., 1996) and Sm-Nd ages of 790 ± 40 
Ma and 797 ± 49 Ma (Zhao et al., 1994). These data, as well as stratigraphic 
correlations with the Adelaide Rift Complex and stromatolite biostratigraphy, suggest 
that the Bitter Springs Formation was deposited at ~800-825 Ma (Zhao et al., 1994; 
Walter et al., 1995). This constrains the Heavitree Quartzite to have been deposited 
between ~1050 and ~800 Ma. If the Heavitree Quartzite was deposited at ~0.85-0.80 
Ga, as favoured by many workers (e.g. Lindsay & Korsch, 1991; Walter & Veevers, 
2000), then initiation of the broader Centralian Superbasin might be largely unrelated to 
the earlier (~1.1 Ga) phase of extension. Alternatively, the Heavitree Quartzite might 
have been deposited shortly after the ‘rift sequence’ and the Bitter Springs Formation 
considerably later, which would indicate that the Centralian Superbasin has a longer 
history than commonly recognised. 
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The earliest ‘rift sequence’ of the western Amadeus Basin has not been examined in this 
study, and the Heavitree Quartzite and carbonates, evaporites, siltstones and spilites of 
the Bitter Springs Formation have been assigned to Sequence 1, consistent with the 
terminology of Shaw (1991). Sequence 1 is represented by the Yackah Beds in the 
Georgina Basin, which consist of a basal sandstone overlain by a relatively thin 
carbonate unit.  
 
3.6.1.1 Heavitree Quartzite – Amadeus Basin (~1.0/0.85 Ga) – Sample 2002080308 
The Heavitree Quartzite was sampled near Ruby Gap Gorge, within the Palaeozoic 
Arltunga Nappe Complex on the northeastern margin of the Amadeus Basin (Forman, 
1971). The quartzite in this area is part of the essentially unmetamorphosed and weakly 
deformed basal thrust sheet of the Ruby Gap Nappe, an antiformal stack of thrust sheets 
which have been increasingly deformed and metamorphosed to upper greenschist facies 
towards the north (Dunlap et al., 1995). The quartzite was sampled from a thickly-
bedded unit with ripple-marks on bedding plane surfaces (GR 498968 7403777), and is 
interpreted to have been deposited in a high-energy, open, shelf-like environment on a 
broad, low-gradient ramp (Lindsay, 1999). 
 
The analyses of 68 grains are listed in Table 3.1 and plotted in Fig. 3.11. Most zircon 
ages lie within three major groupings: a dominant group between 1.50-1.68 Ga with a 
peak at ~1.63 Ga; a secondary group at ~1.72-1.90 with a peak at ~1.78 Ga, and a 
smaller group at ~1.12-1.28 Ga. The two main age groups were possibly derived from 
the Arunta Inlier, with ages between ~1.63 and 1.69 Ga consistent with those in the 
Warumpi Province of the southwestern Arunta, and ages between ~1.72-1.9 Ga 
consistent with felsic magmatism in the broader Arunta Inlier and North Australian 
Craton. Ages between ~1.12 and ~1.28 Ga are similar to those in the Musgrave Inlier, 
but lack the characteristic 1.07 Ga population, suggesting that either 1.07 Ga rocks had 
not been exhumed at the time of deposition or the Musgrave Inlier was not the source of 
Mesoproterozoic zircon. Palaeocurrent and isopach data have been interpreted to 
indicate a northeasterly or north-northeasterly source for the Heavitree Quartzite sands 
(Walter & Veevers, 2000), however the only known exposed basement of appropriate 
age to the NE is the Grenville-age Cape River Metamorphics of the western Lolworth-
Ravenswood Block in north Queensland (Hutton et al., 1998). 
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The close match of zircon ages with known magmatism in the central Australian region 
suggests a local source, implying that palaeocurrent data in this case do not point to the 
source region of the sediments. This interpretation is consistent with that of Lindsay 
(1999, 2002), who envisaged that regional uplift related to plume development caused 
peneplanation of central Australia, generating large volumes of sediment which were 
subsequently deposited as a broad sand sheet in a superbasin formed by thermal 
subsidence. The Heavitree Quartzite and equivalents were interpreted to have been 
deposited in an extensive shelf-like setting, with repeated reworking and redistribution 
of sands by alternating tidal current flow. The similarity of the detrital signature of the 
Ruby Gap sample with that of a sample of Heavitree Quartzite from Alice Springs 
(Zhao et al., 1992) is also consistent this interpreted depositional setting, which would 
tend to homogenise the detrital signature. The 1.12-1.28 Ga zircon is thus considered 
Figure 3.10. Zircon from the Heavitree Quartzite. (A) Transmitted light, showing grains with 
varying degrees of abrasion and pitting; (B) CL image showing a range of intensity and zoning 
patterns. This is typical of detrital zircon and CL images are not shown for the other sedimentary 
samples in this chapter.  
A 
B 
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most likely to have been derived from the Musgrave Inlier, though a more distal source 
cannot be ruled out. 
 
The youngest analysis at ~1.12 Ga is significantly older than the inferred depositional 
age and does not constrain the depositional age more precisely than that inferred from 
other information. This possibly reflects a lack of suitable exposed early Neoproterozoic 
source material in central Australia, but leaves open the possibility that the quartzite 
was deposited before ~850 Ma. 
 
 
 
 
 
3.6.2 Sequence 2 (~600-580 Ma) 
Sequence 2 unconformably overlies Sequence 1 and is marked by glaciogene deposits 
of the Sturtian glaciation. In the northeastern part of the Amadeus Basin, the sequence 
reaches a thickness of ~1600 m, and is interpreted to have been deposited within similar 
fault-bounded troughs to its correlatives in the Georgina Basin (Walter, 1980; Walter et 
al., 1995). In this area, it consists of tillites of the Areyonga Formation and overlying 
siliciclastics and stromatolitic carbonates of the Aralka Formation. In the southwestern 
Amadeus Basin, diamictite, sandstone and shale of the Inindia beds are the probable 
Figure 3.11. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-Pb 
data from the Heavitree Quartzite. 
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correlatives of the Areyonga and Aralka formations (Wells et al., 1970; Walter et al., 
1995). The depositional age of the Aralka formation has been determined by Re-Os as 
592 ± 14 Ma (Schaefer & Burgess, 2003), significantly younger than previous 
interpretations, which placed the depositional age at ~700-635 Ma (Walter & Veevers, 
2000). It is during this time that the so-called ‘central ridge’ formed in the Amadeus 
Basin, a broadly east-west-trending structural high which separates the MacDonnell 
sub-basin in the north from the Mount Conner sub-basin in the south (Fig. 3.5; Oaks et 
al., 1991). 
 
3.6.2.1 Limbla Member– Amadeus Basin (~600 Ma) – Sample AS599 
The Limbla Member is a distinctive sandstone unit within the tillites of the Aralka 
Formation. A sample from the Hay River area in the east of the basin (GR 254029 
7299671) consists of a medium-grained sandstone with a significant feldspathic 
component and a few iron-oxide-stained fractures. Analyses of 66 grains are listed in 
Table 3.2 and plotted in Fig. 3.12. The zircon grains have a range of Meso- and 
Palaeoproterozoic ages, ranging between 1.08 and 2.50 Ga, with clusters at ~1.08, 1.18, 
1.40, ~1.59 and ~1.76 Ga. The Palaeoproterozoic grains were possibly derived from the 
Arunta Inlier, whereas Grenvillean-aged zircon was probably derived from the 
Musgrave Inlier. A significant cluster at ~1.59 Ga and a smaller group with ages 
between 1.34 and 1.47 Ga have similar ages to detrital zircon in metasediments from the 
Musgrave Inlier (Wade & Maidment, unpubl. data) and might be reworked detrital 
grains. The youngest detrital zircon age of ~1.07 Ga is significantly higher than the 
inferred depositional age, reflecting the lack of exposed younger sources in the region. 
 
The presence of Grenville-age zircon suggests that at least part of the Musgrave Inlier 
was emergent at ~0.6 Ga, which is consistent with detrital zircon data for the laterally 
equivalent Inindia Beds in the southwestern part of the basin, which have a strong 
Grenvillean component that is considered to be derived from the Musgrave Inlier 
(Camacho et al., 2002). A progressive thickening of Sequence 2 towards the 
southwestern part of the basin is consistent with uplift of the Musgrave Inlier during the 
Areyonga Movement of Wells et al. (1970), which is loosely constrained to have 
occurred between 0.8 and 0.6 Ga. Boulders in the Areyonga Formation were considered 
by Wells et al. (1970) to be derived from uplifted sedimentary rocks of Sequence 1 and 
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metamorphic rocks of the Arunta Inlier, indicating uplift to the north, which is 
consistent with the ~1.76 Ga age cluster. 
 
 
 
 
 
3.6.3 Sequence 3 (~580-570 Ma) 
The base of this sequence is marked by diamictites formed during the intense Marinoan 
global glaciation (Walter et al., 1995). Diamictites in the Amadeus Basin are restricted 
to the Olympic Formation in the northeastern parts of the basin and grade westward into 
conglomerates and arkosic sandstones of the Pioneer Formation, interpreted as glacial 
outwash deposits (Walter et al., 1995). The overlying Pertatataka and Julie formations 
comprise a shallowing-upwards sedimentary cycle, progressing from deep water 
turbidites and pelagic sediments to shallow-water platform carbonates (Lindsay & 
Korsch, 1991). Coarsening of the Pertatataka Formation towards the south suggests a 
sediment source in the Musgrave Inlier (Walter et al., 1995). In the Georgina Basin, the 
correlatives of the Pioneer and Olympic formations are considered to be the coarse-
grained Oorabra Arkose and Black Stump Arkose (Walter, 1980). Fine-grained 
siliciclastics of the overlying Mopunga Group contain a sandstone unit (the Grant Bluff 
Figure 3.12. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon 
U-Pb data from the Limbla Member of the Aralka Formation, Amadeus Basin. 
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Formation), which has been correlated with sandstone of the Cyclops Member of the 
Pertatataka Formation in the Amadeus Basin. The similar fining-upward successions of 
Sequences 2 and 3 were interpreted by Walter et al. (1995) to be a direct result of 
glaciation followed by marine transgression caused by eustatic sea-level rise after 
deglaciation. The age of Sequence 3 is constrained by the ages of the underlying and 
overlying sequences and by a ~580 Ma age for the Marinoan glaciation in 
Newfoundland and Tasmania (Bowring et al., 2003; Calver et al., 2004). A higher age 
of 636 ± 1 Ma for the Marinoan glaciation in Namibia measured by Hoffman et al. 
(2004) is dependant upon regional correlations and possibly reflects a separate glacial 
event. 
 
 
 
 
 
3.6.3.1 Cyclops Member – Amadeus Basin (~575 Ma) – Sample 2003080012 
The Cyclops Member of the Pertatataka Formation was sampled from an outcrop of 
thinly bedded, buff-coloured, fine-grained quartz arenite ~20 km west of Ross River 
Homestead (GR 431523 7389612). Sixty-four analyses of zircon grains are listed in 
Table 3.3 and plotted in Fig. 3.13. A significant number of grains are discordant, which 
Figure 3.13. Tera-Wasserburg concordia plot of detrital zircon and probability density histogram of 
zircon U-Pb data from the Cyclops Member of the Pertatataka Formation. 
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is interpreted to reflect Pb loss. The zircon age spectrum of concordant analyses is 
dominated by ages between ~1.7 and 1.9 Ga, with a secondary cluster at ~2.5 Ga, 
consistent with a sediment primarily sourced from the Arunta Inlier. There is a 
scattering of ages between ~0.8 and ~1.25 Ga, with one analysis yielding a 
206
Pb/
238
U 
age of ~594 Ma, which is marginally concordant and has probably suffered lead loss. A 
second analysis of this grain was grossly discordant, supporting this interpretation. 
Excluding this grain, the youngest concordant analysis yields an age of ~807 Ma, 
significantly higher than the inferred depositional age of the unit (~575 Ma). 
 
3.6.3.2 Grant Bluff Formation – Georgina Basin (~575 Ma) – Sample 2002080042B 
The Grant Bluff Formation was sampled from the northern part of the Elua Range, 
where it forms prominent escarpments of resistant coarse-grained arenite separated by 
fine-grained, thinly bedded recessive arenite units interpreted to have been deposited in 
a marine environment (Kruse et al., 2002). Ichnofossils recorded by Jenkins et al. 
(1992) are consistent with the late Neoproterozoic age assigned to the formation (Kruse 
et al., 2002). The unit was sampled from a cross-bedded sandstone exposed in a low 
ridge ~4 km north of Gap Bore (GR 585298 7487309). 
 
Analyses of 76 grains are listed in Table 3.4 and plotted in Fig. 3.14. The zircon age 
spectrum is remarkably similar to that of the Cyclops Member in the Amadeus Basin 
(although the analyses are much more consistently concordant), supporting the 
stratigraphic correlation between these units. The dominant age component is ~1.90-
1.78 Ga, with minor clusters at ~2.5 Ga and ~1.58 Ga, and a range of ages down to 
~818 Ma. In common with the Cyclops Member, the sediments appear to have been 
sourced primarily from the Arunta Inlier. 
 
Both the Grant Bluff Formation and Cyclops Member contain grains with ages between 
~0.8 and ~1.0 Ga, which have no obvious Australian sources. There was widespread 
mafic magmatism in south-central Australia at ~827 Ma (Wingate et al., 1998; Glikson 
et al., 1996), however the zircon content of mafic rocks is generally very low, greatly 
reducing their significance as a zircon source. Similarly, ~795 Ma spilitic volcanics in 
the Bitter Springs Formation (Zhao et al., 1994), ~975 Ma dolerite intrusions in the 
southwestern Arunta Inlier, (Wyborn et al., 1998) and ~755 Ma mafic dykes in the 
Pilbara Craton (Wingate & Giddings, 2000) are also unlikely sources. The only known 
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felsic magmatism in Australia during this period is the Rook Tuff in the Adelaide 
Geosyncline, which has an age of 802 Ma (Fanning et al., 1986). It would thus appear 
that either there is unrecorded 0.8-1.0 Ga felsic magmatism in central Australia or that 
this zircon was derived from a more distal source. 
 
 
 
 
 
3.6.4 Sequence 4 (~550-530 Ma) 
A relatively brief hiatus in sedimentation at about 560 Ma followed Sequence 3, 
represented by an unconformity on the central ridge and a disconformity in the northern 
sub-basins (Kennard & Lindsay, 1991). The Petermann Ranges Orogeny uplifted the 
Musgrave Inlier between 570-530 Ma, forming a narrow foreland basin in the 
southwestern part of the Amadeus Basin. Sedimentation in the rest of the basin was 
largely confined to rapidly subsiding sub-basins in the north (Shaw, 1991). The latest 
Neoproterozoic to Early Cambrian Arumbera Sandstone was deposited into these sub-
basins, and has been interpreted as either the distal facies of the foreland basin 
sediments (Wells et al., 1970; Korsch & Lindsay, 1989; Walter & Veevers, 1997) or as 
reworked (‘autocannibalised’) foreland sediments (Kennard & Lindsay, 1991; Oaks et 
Figure 3.14. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb data 
from the Grant Bluff Formation, Georgina Basin. 
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al., 1991). The Todd River Dolomite overlies the Arumbera Sandstone, forming a 
highstand deposit at the top of the sequence. 
 
In the Georgina Basin, Sequence 4 is represented by siliciclastics (the upper Central 
Mount Stuart Formation, Mount Baldwin Formation, Andagera Formation and Adam 
Shale). Eyre (1994) interpreted the Andagera and Mount Baldwin formations as the 
proximal and distal facies of an alluvial fan delta, which would indicate there were areas 
of uplift located to the northeast. 
 
3.6.4.1 Arumbera Sandstone – Amadeus Basin (~540 Ma) – Sample 2002080073 
Unit IV of the Arumbera Sandstone was sampled from Ross River Gorge (GR 447419 
7389689), where it consists of a cross-bedded, fine to medium grained red-brown quartz 
arenite, that has been interpreted as a delta front deposit (Kennard & Lindsay, 1991). 
This unit is considered to be earliest Cambrian in age based on trace fossil evidence 
Kennard & Lindsay, 1991; McIlroy et al., 1997). 
 
Sixty-six grains were analysed, with the data listed in Table 3.5 and plotted in Fig. 3.16. 
The detrital zircon signature is dominated by zircon with ages of ~1.2-1.0 Ga, with a 
scattering of older ages to ~1.9 Ga and a couple of analyses at ~2.5 Ga. The relative 
abundance of 1.2-1.0 Ga zircon is consistent with a dominant source in the Musgrave 
Inlier, confirming earlier provenance interpretations. The youngest grain has a 
206
Pb/
238
U age of ~646 Ma, significantly lower than the other analysed grains, however 
it has a relatively large analytical uncertainty which makes it difficult to assess whether 
it has undergone Pb loss. 
 
The detrital zircon age spectrum is similar to that found from the Arumbera Sandstone 
at Ellery Creek, ~80 km west of Alice Springs (Buick et al., in press), indicating that 
sedimentation in the northern sub-basins of the Amadeus Basin shared a common 
southwesterly source. 
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Figure 3.15. (A) Heavitree Quartzite, near Ruby Gap (GR 498968 7403777); (B) Cyclops Member, 
Pertatataka Formation, ~2 km W of Ross River homestead (GR 448211 7391166); (C) Grant Bluff 
Formation, ~4 km N of Gap Bore (GR 585298 7487309) ; (D) Arumbera Sandstone IV, Ross River 
Gorge. 
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3.6.4.2 Mount Baldwin Formation – Georgina Basin (~540 Ma) – Sample 2002080043 
The Mount Baldwin Formation was sampled from a prominent ridge-forming unit of 
thickly bedded sandstone ~2.5 km north of Gap Bore in the Elua Range (Fig. 3.20A; GR 
584499 7485712). The outcrop consists of well-sorted, medium to fine grained quartz 
arenite considered to be earliest Cambrian in age on the basis of trace fossils and a time 
correlative of the Arumbera Sandstone (Walter, 1980). 
 
Analytical results for 78 grains are listed in Table 3.6 and plotted in Fig. 3.17. In 
contrast with the Arumbera Sandstone, the zircon age spectrum for the Mount Baldwin 
Formation has several age clusters and a smaller proportion of Grenvillean ages. 
Significant clusters of ages occur at ~0.67, ~0.99 and 1.17 Ga, with smaller groups at 
~0.81, ~1.35-1.37, ~1.6-1.9 and ~2.5 Ga. Some of these age components are also 
present in the Arumbera Sandstone, though generally represented by only a few grains. 
As noted above, ages between 0.8-1.0 Ga have no identified sources in Australia. 
However, it is interesting to note that the two clusters at ~810 Ma and ~990 Ma are 
similar to the ages of the only magmatism in the Musgrave Inlier in this period, which 
Figure 3.16. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-
Pb data from the Arumbera Sandstone, Amadeus Basin. 
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consists of mafic dykes emplaced at ~800-820 Ma and ~1000 Ma (Glikson et al., 1996). 
If the sediment was largely derived from the Musgrave Inlier, these detrital ages might 
indicate that there is unidentified felsic magmatism or partial melting associated with 
the mafic magmatism. A predominantly Musgravian source for the sediment might also 
account for the ~1.35-1.37 Ga population, with similar ages identified from detrital 
zircon in metasediments from the Musgrave Inlier (Wade & Maidment, unpublished 
data).  
 
 
 
 
 
However, a southwesterly Musgrave source for the Mount Baldwin Formation is at odds 
with the northeasterly source inferred by Eyre (1994) from the distribution of 
sedimentary facies. A northeasterly source is more consistent with the absence of the 
characteristic Musgrave zircon peak at ~1.07 Ga, however there are no local sources of 
Grenvillean-age zircon in this direction. Fergusson et al. (2001) found similar 
populations of ~0.9-1.0 Ga and 1.1-1.3 Ga zircon in Cambrian metasediments from the 
Anakie Inlier of central Queensland, and proposed that these sediments were sourced 
from the Ravenswood Block of northeastern Queensland. A similar source is possible 
Figure 3.17. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-
Pb data from the Mount Baldwin Formation, Georgina Basin. 
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for the Mount Baldwin Formation, but would imply that the sediment was derived from 
a much wider region than that envisaged by Eyre (1994). 
 
Although the detrital data do not unequivocally discriminate between a southwesterly or 
northeasterly source, the significant difference in detrital signatures of the Arumbera 
Sandstone and Mount Baldwin Formation suggests that the two units had different 
primary sources. This implies that a significant change in sedimentation patterns took 
place after ~575 Ma, when the Amadeus and Georgina basins were apparently 
contiguous. 
 
3.6.5 Sequence 5 (Middle to late Cambrian - ~510-497 Ma) 
Sedimentation ceased over a wide area of the Amadeus and Georgina Basins during the 
early Middle Cambrian, which was followed by a rapid increase in the rate of 
subsidence and a shift in sedimentation patterns. The northern sub-basins of the 
Amadeus Basin became linked, and the basin expanded southwards (Shaw et al., 1991). 
The Georgina Basin expanded to the west and northwest, coinciding with the formation 
of northwest-trending graben-like depocentres (Shaw et al., 1991). Sedimentation in the 
eastern Amadeus Basin and southern Georgina Basin was dominated by shallow marine 
carbonates, whilst fluvial clastic sedimentation took place west of the NW-trending 
‘Finke Line’ in the central Amadeus Basin. In the Amadeus Basin, this sequence 
consists of an upwards-deepening succession: the Giles Creek Dolomite, Shannon 
Formation, and lower Goyder Formation. The equivalent sequence in the Georgina 
Basin consists of the carbonate-rich Errara, Arthur Creek and Arrinthrunga Formations. 
The absence of siliciclastic sediments in the lower and middle parts of the Sequence 5 
sections examined meant that only the upper parts of the sequence could be sampled for 
detrital zircon analysis. 
 
3.6.5.1 Lower Goyder Formation – Amadeus Basin (~500 Ma) – Sample 2002080071 
The lower Goyder Formation is constrained by fossil evidence to have been deposited in 
the early Late Cambrian (late Mindyallian - Warren & Shaw, 1995) and was sampled 
from a layered calc-arenite within an interbedded dolomite/calc-arenite sequence in 
Ross River Gorge (Fig. 3.20B; GR 447652 7388029). Analyses of 75 grains are listed in 
Table 3.7 and plotted in Fig. 3.18. The majority of ages lie between ~0.95 and ~1.2 Ga, 
with clusters at ~0.97, 1.03-1.04, and 1.12-1.13 Ga. In common with the Arumbera 
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Sandstone, these ages suggest that a large component of the sediment was sourced from 
the Musgrave Inlier. However, the detrital signature differs from the Arumbera 
Sandstone in that it contains a significant population of zircon with ages between 0.5-
0.6 Ga, with a dominant cluster at ~550 Ma. This range of ages is not represented in 
basement in central Australia, and is interpreted to have come from the Pacific 
Gondwana margin to the east of the Amadeus Basin, where zircon of this age is the 
dominant component in Cambro-Ordovician sedimentary rocks (see discussion). The 
Goyder Formation thus appears to have two major sources, reflecting a combined 
sediment input from the southwest and southeast. The zircon ages range as low as ~509 
Ma, close to the interpreted depositional age of the unit. 
 
 
 
 
 
3.6.5.2 Arrinthrunga Formation – Georgina Basin (~500 Ma) – Sample 2002080038 
The Arrinthrunga Formation is a thick, well-bedded dolostone and limestone unit with 
minor siliciclastic beds, constrained to be between early Middle Cambrian and latest 
Cambrian in age (Freeman, 1986), and interpreted to have been deposited in a peritidal 
and restricted shallow subtidal marine environment (Kruse et al., 2002). Siliciclastic 
Figure 3.18. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-
Pb data from the Lower Goyder Formation, Amadeus Basin. 
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beds are rare, however a 20 cm thick layer of poorly exposed calc-arenite was located 
near Oomoolmilla Springs, north of the Elua Range, which yielded a relatively small, 
but sufficient number of zircon for dating (Fig. 3.20C; GR 585433 74972124). 
 
 
 
 
 
The analyses of 79 grains are listed in Table 3.8 and plotted in Fig. 3.19, with a few 
analyses showing the effects of significant recent lead loss. The detrital zircon age 
signature is quite different to that from the Goyder Formation, and is dominated by ages 
of 1.75-1.90 Ga, with a major cluster at ~1.85 Ga, consistent with a sediment source in 
the Arunta Inlier. A secondary peak at ~825 Ma has a similar age to a population of 
uncertain origin in the Mount Baldwin Formation. There are no grains with ages close 
to the inferred depositional age of the unit, reflecting the lack of local Neoproterozoic 
sources. The difference in the provenance signatures of the Arrinthrunga and Mount 
Baldwin formations suggests that during the late Middle Cambrian, like the Early 
Cambrian, sedimentation patterns were not uniform across the region despite the broad 
lithological similarities between the two basins at this time. The Arrinthrunga 
Formation contains a relatively small proportion of locally derived clastic material, 
Figure 3.19. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon 
U-Pb data from the Arrinthrunga Formation, Georgina Basin. 
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deposited within a shallow marine environment dominated by carbonate deposition. In 
contrast, the Goyder Formation is more clastic-rich, containing relatively little locally 
derived zircon, sourcing sediment instead from the Musgrave Inlier and southeastern 
Australia. The differences in deposition between the two basins can be explained by 
variable subsidence and is addressed in more detail below. 
 
3.6.6 Sequence 6 (Late Cambrian to mid-Ordovician – 497-455 Ma) 
A widespread erosional break occurred at the end of sequence 5, approximately coeval 
with the Delamerian Orogeny in the Adelaide Rift Complex. Following this relatively 
short period of erosion, the Amadeus Basin initially contracted, before again expanding 
southwards, beyond the regional extents of sequence 5 (Fig. 3.21; Shaw et al., 1991). 
The Larapinta Group, consisting of shallow marine siliciclastics of the Pacoota 
Sandstone, Horn Valley Siltstone, Stairway Sandstone and Stokes Siltstone was 
deposited in this period. Progressive marine incursion into central Australia resulted in 
the development of the WNW-trending transcontinental Larapintine Seaway, the 
transgression reaching a maximum during the early to middle Ordovician (Walley et al., 
1991), when it linked the Amadeus Basin with the Warburton Basin to the southeast and 
the Canning Basin to the northwest. Shallow marine platformal sediments, consisting of 
siliciclastics of the Tomahawk Beds and Nora Formation in the Dulcie Syncline area 
and carbonates and siliciclastics of the Toko Group in the Toko Syncline area, were 
deposited in the southeastern Georgina Basin during the Late Cambrian and Early 
Ordovician. 
 
3.6.6.1 Pacoota Sandstone – Amadeus Basin (~485-490 Ma) – Sample 2002080070 
The Pacoota Sandstone is a widespread siliciclastic unit that forms the principal 
hydrocarbon reservoir in the Amadeus Basin. It was deposited within a dominantly 
marine environment between the Late Cambrian (Payntonian to early Datsonian) and 
Early Ordovician (Tremadocian to Arenigian) (Deckelman et al., 1993). The Pacoota 
Sandstone was sampled from the second lowest of four prominent sandstone units in the 
Ross River Gorge section (Fig. 3.20D; GR 447713 7387555), which probably correlates 
with the P3 unit of Towler (1986) that contains trilobite and conodont fauna indicating a 
Late Tremadoc age. 
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Figure 3.20. (A) Mount Baldwin Formation, ~2.5  km N of Gap Bore (GR 584499 7485712); (B) 
Lower Goyder Formation, Ross River Gorge (GR 447652 7388029); (C) Thin siliciclastic unit within 
dolomite of the Arrinthrunga Formation ~2.5 km E of Oomoolmilla Springs (GR 585433 74972124); 
(D) Prominent sandstone units within the Pacoota Sandstone, Ross River Gorge (GR 447713 
7387555). 
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Seventy-seven analyses of zircon grains are listed in Table 3.9 and plotted in Fig. 3.22. 
The zircon has a larger component of ~550-650 Ma ages than the Goyder Formation, 
with clusters at ~560, ~600 and ~660 Ma, and smaller proportion of Grenville-age 
zircon, though this still forms a significant component (~25 %). Small groupings also 
occur at ~1.4, ~2.70-2.74 and ~3.3 Ga, with the youngest concordant grain having a 
206
Pb/
238
U age of 540 ± 7 Ma. 
 
Palaeocurrent measurements for the Pacoota Sandstone in the western half of the basin 
indicate a generally easterly-directed flow (Deckelman et al., 1991, Deckelman et al., 
1993), implying that the bulk of those sediments were derived from the west. However, 
the absence of any known westerly source of 550-650 Ma zircon suggests that the 
sediments in the northeastern Amadeus Basin, for which no palaeocurrent data are 
available, might instead have been derived from the Pacific Gondwana margin to the 
southeast. The apparent difference in provenance for the Pacoota Sandstone in the 
western and eastern parts of the basin possibly indicates that sediments in the northeast 
were deposited within the Larapintine Seaway, while sediments in the western part of 
the basin were deposited on the platformal margin. 
Figure 3.21. Growth of the Amadeus Basin between the Early Cambrian and Early Ordovician showing 
progressive onlap along the southern margin of the basin, with abrupt expansion of the basin during the 
deposition of the Stairway Sandstone (from Lindsay & Korsch, 1991). 
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3.6.6.2 Tomahawk Formation – Georgina Basin (~490 Ma) – Sample 2002080036 
The Tomahawk Formation, which disconformably overlies the Arrinthrunga Formation, 
is a sequence of sandstone and siltstone with lesser dolomite and limestone that crops 
out over a large area of the southwestern Georgina Basin. Kruse et al. (2002) revised 
and formalised the unit from the Tomahawk beds of Smith (1964). The age of the 
Tomahawk Formation is well-constrained by a variety of trace and body fossils to be 
Late Cambrian to earliest Ordovician in age, although no definitive Ordovician fossil 
assemblages have yet been identified (Shergold & Druce, 1980; Kruse et al., 2002). 
Kruse et al. (2002) proposed that the Tomahawk Formation formed by the shedding of 
terrigenous sand onto a broad marine platform, possibly derived from exposed Arunta 
Inlier to the west. A fine- to medium-grained sandstone was sampled for the present 
study ~4 km east of Oomoolmilla Springs,  (GR 585064 7497487). 
 
Figure 3.22. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-Pb 
data from the Pacoota Sandstone, Amadeus Basin. 
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Sixty-six zircon analyses are listed in Table 3.10 and plotted in Fig. 3.23. The zircon 
age spectrum is very similar to that of the Pacoota Sandstone, with a dominance of ages 
between 500 and 650 Ma, including clusters at ~540 and ~590 Ma, a secondary 
population of Grenville-ages, with a mode at 1.06-1.07 Ga, and a small population at 
~1.72 Ga. One grain has a 
206
Pb/
238
U age of ~447 Ma, which is younger than the 
depositional age of the sediment and is interpreted to have undergone Pb loss. The 
Tomahawk Formation is interpreted to have a similar distal southeasterly source to the 
Pacoota Sandstone, with no evidence in this sample of the westerly provenance 
proposed by Kruse et al. (2002). 
 
3.6.6.3 Stairway Sandstone – Amadeus Basin (~465 Ma) – Sample ANU93-1172 
The early Ordovician (Darriwillian - Shergold et al., 1991) Stairway Sandstone was 
sampled ~80 km west of Alice Springs (GR 302400 7364400) rather than from the 
Harts Range region, because this unit has been removed by uplift and erosion in the 
northeastern Amadeus Basin. The sample was collected from the lower part of the unit, 
Figure 3.23. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-Pb 
data from the Tomahawk Formation, Georgina Basin. 
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which consists of a tan, fine-grained quartz arenite interpreted to have been deposited in 
a shallow marine shelf or lagoonal environment (Cook, 1972). 
 
The results of 63 analyses are listed in Table 3.10 and plotted in Fig. 3.24. The detrital 
zircon spectrum is similar to that of the Pacoota Sandstone and Tomahawk Formation, 
with a large proportion of 0.50-0.65 Ga ages, including clusters at ~510 and 575 Ma, 
and populations of Grenville (~1.00-1.25 Ga), Arunta (1.73-1.88 Ga) and Archaean 
(~2.7, ~3.3 Ga) ages. Three grains with lower 
206
Pb/
238
U ages  of ~487, ~457 and ~443 
Ma probably suffered Pb loss, although the uncertainties in 
207
Pb/
206
Pb are too large for 
this to be certain. 
 
 
 
 
 
3.6.7 Sequence 7 (Late Ordovician 455-435 Ma) 
A profound change in basin dynamics took place in the Late Ordovician, which caused 
depositional centres to shift markedly. This change was the result of the first phase of 
convergent deformation associated with the ~450-300 Ma Alice Springs Orogeny. Late 
Ordovician sedimentation in the Amadeus Basin consisted of mixed fluviatile and 
Figure 3.24. Tera-Wasserburg concordia plot and probability density histogram of detrital 
zircon U-Pb data from the Stairway Sandstone, Amadeus Basin. 
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marine clastics of the Carmichael Sandstone, which appears to be thickest in the south, 
contrasting with sedimentation patterns both below and above this unit (Shaw, 1991). 
The Ethabuka Sandstone of the Georgina Basin was deposited at a similar time 
(Shergold et al., 1991), and appears to be part of the same syn-orogenic package, 
sourced from uplifted areas between the Amadeus and Georgina basins (Haines et al., 
2001). This sequence was not sampled, but the ages of zircons in the syn-orogenic 
packages of Sequences 8 and 9 constrain the amount of basin uplift and basement 
exhumation before the deposition of sequence 7. 
 
3.6.8 Sequence 8 (Silurian to Early Devonian - 435-405 Ma) 
Mature to supermature orthoquartzites of the aeolian and fluvial Mereenie Sandstone 
comprise Sequence 8 in the Amadeus Basin (Wells et al., 1970). The Mereenie 
Sandstone conformably overlies the Carmichael Sandstone in the west but is 
unconformable on older units in the northeast, reflecting uplift associated with the 
Rodingan Movement. The age of the Mereenie Sandstone is not well-constrained and 
has no unequivocal biostratigraphic control, but Li et al. (1991) considered it to be 
mostly Silurian based on palaeomagnetic data. Although some workers considered that 
the Mereenie Sandstone was deposited during a relatively stable period (e.g. Jones, 
1991; Nicoll et al., 1991; Shaw et al., 1992), Haines et al. (2001) noted that Silurian 
cooling ages from the eastern Arunta Inlier imply that exhumation was taking place at 
this time. They thus considered the accumulation of this thick (up to 1.5 km) non-
marine sequence was likely a result of tectonically driven accommodation space 
generated by the earliest phases of the Alice Springs Orogeny. There are no sediments 
from this period preserved in the Georgina Basin. 
 
3.6.8.1 Mereenie Sandstone – Amadeus Basin (~435-405 Ma) – Sample ANU01-357 
The Mereenie Sandstone was sampled from Ellery Creek, close to the Stairway 
Sandstone sample locality (GR 304800 7364200). The sampled unit consists of a fine-
grained quartz arenite that yielded relatively small (~50-100 µm), well-rounded zircon. 
The results of 59 analyses are listed in Table 3.12 and plotted in Fig. 3.25. The zircon 
grains are dominated by ages between ~0.49 and ~0.63 Ga, with peaks at ~0.49 Ga and 
~0.57 Ga. There is only a scattering of older ages, including a small cluster at ~1.60-
1.67 Ga. The age spectrum is similar to that of the Stairway Sandstone, but with 
proportionately fewer Grenville ages and more ages between 0.5-0.6 Ga. The 
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dominance of 0.5-0.6 Ga ages suggests that despite being largely aeolian, the Mereenie 
Sandstone was derived from local reworking of Ordovician to latest Cambrian 
sedimentary rocks rather than more distal sources. This interpretation is consistent with 
that of Wells et al. (1970), who suggested a sedimentary provenance based on the 
presence of abraded diagenetic overgrowths on detrital mineral grains and the well-
rounded, but poorly-sorted nature of the sediment. Reworked Ordovician conodonts 
noted by Shergold et al., (1991) also support this interpretation. A similar process was 
proposed by Pell et al. (1997) for modern dunefield formation in Australia, with detrital 
zircon data indicating that most sand was derived from reworking of local fluvial 
sediments, with only a limited amount of long-distance aeolian input. 
 
Since the provenance of the sandstone is essentially the same as that of the underlying 
Ordovician sedimentary rocks, there are no grains younger than ~0.49 Ga, meaning that 
the detrital zircon data are unable to more precisely constrain the depositional age of 
this unit. 
 
 
 
 
 
Figure 3.25. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-Pb 
data from the Mereenie Sandstone, Amadeus Basin. 
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3.6.9 Sequence 9 (Early Devonian to Carboniferous - 400-360 Ma) 
The Pertnjara Group of the Amadeus Basin unconformably overlies the Mereenie 
Sandstone and consists of an upwards-coarsening sequence of lacustrine, fluvial and 
alluvial fan deposits that thickened towards the Alice Springs orogen along the northern 
margin of the basin. The development of this sequence is linked with the Early to 
Middle Devonian Pertnjara Movement, which uplifted and exposed the Mereenie 
Sandstone and created accommodation space into which sediments were deposited 
(Jones, 1991; Haines et al., 2001). Further pulses of activity during the Frasnian 
Henbury Movement and the late Frasnian to early Famennian Brewer Movement caused 
further uplift and influxes of coarse sediment. Correlatives in the Georgina Basin 
include the non-marine Dulcie Sandstone and Ethabuka Sandstone, which were 
deposited in the Dulcie and Toko syncline areas respectively. 
 
 
A B 
Figure 3.27. (A) Tomahawk Formation ~4 km E of Oomoolmilla Springs (GR 585064 7497487); 
(B) Dulcie Sandstone ~3.5 km E of Oomoolmilla Springs (GR 584516 7497803). 
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3.6.9.1 Upper Dulcie Sandstone – Georgina Basin (~365 Ma) – Sample 2002080035 
The Dulcie Sandstone is a syn-orogenic clastic sedimentary unit sourced from the 
uplifted Alice Springs Orogen to the south (Haines et al., 2002). The unit has been 
subdivided into a lower clay-cemented unit of probable Early Devonian (Pragian-
Emsian) age, and an upper escarpment-forming, silica-cemented unit of Late Devonian 
(Frasnian) age (Freeman, 1986; Young, 1996). The upper unit was sampled at 
Oomoolmilla Springs, at the southern margin of the Dulcie Syncline (GR 585064 
7497487) where it consists of a well-sorted, medium- to thickly bedded non-marine 
quartz arenite, with cross-bedding and unidentified trackways that resemble the 
Devonian Beaconichnus (Gevers et al., 1971; Gevers, 1973) – K. Campbell (pers. 
comm.). 
 
 
 
 
Sixty-six zircon analyses are listed in Table 3.12 and plotted in Fig. 3.26. The detrital 
zircon age spectrum has a large proportion of 0.55-0.65 Ga ages, with clusters at ~510 
and ~575 Ma, and a small cluster at ~475 Ma. There is also a significant Grenvillean 
group with clusters at ~1125 and ~1170 Ma, and a range of Meso- to Palaeoproterozoic 
ages. This pattern is similar to that of the Stairway Sandstone suggesting that, like the 
Figure 3.26. Tera-Wasserburg concordia plot and probability density histogram of detrital zircon U-
Pb data from the Dulcie Sandstone, Georgina Basin. 
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Mereenie Sandstone, the Dulcie Sandstone consists of reworked Cambro-Ordovician 
sedimentary rocks of the Centralian Superbasin. 
 
In addition to the characteristic ‘Cambro-Ordovician’ detrital signature, there is a 
younger cluster of ages at ~405 Ma. Although there is no known magmatism of this age 
in central Australia, derivation from more distal source seems unlikely given the 
restricted distribution of syn-orogenic sedimentation. The ~405 Ma zircon consists of 
rounded and pitted grains with oscillatory zoning and aspect ratios of ~3. This suggests 
that they were not wind-transported volcanic grains from a distant eruption, which 
might be expected to have a higher aspect ratio and be less abraded. Instead, their 
morphology is more consistent with zircon reworked by sedimentary processes from a 
granitic source. One possibility is that the zircon was derived from relatively small 
felsic intrusives associated with the earliest stages of the Alice Springs Orogeny, 
perhaps similar to younger 387 ± 4 Ma felsic magmatism represented by a small granitic 
body in the Harts Range Metamorphic Complex (Buick et al., 2001). 
 
 
3.7 Discussion 
The results of this study are consistent with other provenance data from the Amadeus 
Basin (Zhao et al., 1992; Barovich & Foden, 2000; Camacho et al., 2002; Buick et al., 
in press), but the systematic sampling reveals detail about changing sedimentation 
patterns, providing information on the timing and character of tectonism in the region. 
Significant changes in detrital signature coincide with major changes in basin dynamics, 
including the uplift of nearby regions and subsidence within the superbasin (Fig. 3.28). 
The first significant change in provenance occurs between Sequences 2 and 3 (~590-580 
Ma). Late Mesoproterozoic to early Neoproterozoic zircon (1.1-0.8 Ga) is absent from 
the Heavitree Quartzite and Limbla Member of the Aralka Formation, but present in 
both the Cyclops Member and Grant Bluff formations. If the Aralka Formation was 
deposited at ~0.65 Ga, this would indicate that 0.8-1.1 Ga sources were uplifted 
between ~590 Ma and ~580 Ma or that sediments were sourced from significantly 
different areas after ~590 Ma. 
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Figure 3.28. Combined detrital zircon data for the Amadeus and Georgina basins. 
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The close similarity between the detrital signatures of the late Neoproterozoic sediments 
of Sequence 3 in the Amadeus and Georgina basins suggests that the basins were 
contiguous at this time, with the basin extending unbroken across the Harts Range area. 
The marked increase in the proportion of Grenville-age zircons between the late 
Neoproterozoic and Early Cambrian of the Amadeus Basin reflects the uplift of the 
Musgrave Inlier during the intracratonic Petermann Orogeny between 570-530 Ma, 
which shed large volumes of sediment to the north and northeast. This ‘Musgrave 
signature’ extends well beyond the areas adjacent to the Petermann Orogen, and 
remains the major sediment source in the northeastern part of the basin, more than 400 
km distant. The marked difference in provenance observed in the Early Cambrian 
Mount Baldwin Formation of the Georgina Basin implies that a barrier to sedimentation 
existed between the Amadeus and Georgina basins at this time. This barrier is unlikely 
to be a result of basement uplift given the paucity of Arunta-age zircon in these 
sediments, but might instead reflect subsidence and the creation a depocentre across 
which sediment was unable to be transported. Such subsidence might be related to the 
development of other deeper sub-basins which formed along the northern margin of the 
Amadeus Basin at this time (Shaw, 1991). 
 
There is a pronounced shift in provenance patterns towards the end of the Cambrian, 
when 0.65-0.50 Ga zircon begins to dominate detrital signatures and Grenville-age 
zircon becomes subsidiary. With the exception of the Arrinthrunga Formation, Arunta-
age zircon is a minor component in Late Cambrian to Early Ordovician sediments. The 
detrital zircon signatures of these sediments are remarkably similar to those of similarly 
aged sediments of the Lachlan Fold Belt in southeastern Australia (Williams & 
Chappell, 1998; Williams et al., 2002). This detrital signature is a characteristic feature 
of sedimentary rocks along the Palaeozoic Pacific Gondwana margin, with strikingly 
similar patterns evident in sediments from southern Australia, New Zealand, the 
Transantarctic mountains and South Africa (Ireland, 1992; Ireland et al., 1998; Ireland 
& Gibson, 1998; Armstrong  et al., 1998; Williams et al., 2002; Goodge et al. 2002, 
2004a,b). The consistency of this detrital signature over several thousand kilometres 
indicates that this zircon was derived from a common, distal source (Fig. 3.29). Veevers 
(2000) and Ireland et al. (1998) considered the Ross-Delamerian and Beardmore 
orogens to be the source of 0.50-0.60 Ga zircon, whilst Williams et al. (2002) argued for 
an even more distal source in the Mozambique Belt of the East African Orogen. The 
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consistent presence of subsidiary populations of Grenville-age zircon suggests that 
Grenville-age magmatism occurred in the same source region as the 0.5-0.6 Ga zircon 
or that the sediment incorporated Grenville-age zircon at an early point during its 
transportation. The Grenvillean ages appear to lack the ~1.07 Ga component 
characteristic of the Musgrave Inlier, however more data of higher precision would need 
to be collected to resolve potential differences between the ‘Musgrave’ and ‘Pacific 
Gondwana’ Grenvillean populations. 
 
The close similarity between the detrital signatures of the Centralian Superbasin 
sediments and those of the Pacific Gondwana margin suggests a common source and a 
linkage between the two sedimentary systems at that time. This linkage appears to be 
due to the development of the Larapintine Seaway across central Australia during the 
latest Cambrian to early Ordovician. The development of the seaway coincides with the 
arrival of the ‘Pacific Gondwana’ zircon component into the Centralian Superbasin and 
the onset of deeper-water marine conditions. There is a marked change in palaeocurrent 
directions at this time, from generally easterly-directed during the Cambrian to west- to 
northwesterly-directed in the early Ordovician (Wells et al., 1970; Cook, 1972 
Deckelman et al., 1993). Palaeogeographic reconstructions indicate that the Pacific 
Gondwanan margin during the Early Ordovician was oriented approximately parallel to 
and 15° north of the equator (Li & Powell, 2001; Scotese, 2001). In this orientation, the 
westerly-directed north equatorial current would have been an effective mechanism for 
dispersing sediment westwards along the Pacific Gondwana margin from sources in 
Africa and/or the Transantarctic Mountains. The detrital zircon data suggest that a 
significant amount of this sediment was transported into central Australia along the 
Larapintine Seaway. This is consistent with palaeocurrent data for the early Ordovician 
Stairway Sandstone, which in several places has current directions parallel to isopachs, 
indicating that sediment was transported largely by westwards longshore movement 
(Cook, 1972). 
 
The absence of a ‘Pacific Gondwana’ zircon signature in the latest Cambrian 
Arrinthrunga Formation might be due to slower subsidence of the northern margin of 
the seaway relative to the southern margin. The Arrinthrunga Formation is dominated 
by peritidal carbonates (Kruse et al., 2002), containing little clastic input and relatively 
little zircon, while the equivalent lower Goyder Formation in the Amadeus Basin occurs 
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at the top of an upwards-deepening sequence with a significantly greater clastic 
component (Kennard & Lindsay, 1991). The relative prominence of Grenville-age 
zircons in the Goyder Formation suggests that sediment was sourced from both the 
Musgrave Inlier and the Pacific Gondwana margin, implying that the Larapintine 
Seaway was in its earliest stages of formation during the Late Cambrian, before strong 
NW-directed currents completely dominated sediment transportation patterns. 
 
 
 
 
 
 
Figure 3.29. Palaeogeographic reconstruction of Gondwanaland during the early Palaeozoic, 
showing potential sediment sources (after Sheraton et al., 1995; Fanning et al., 1996; Pell et al., 
1997, Williams, 2002). The abundant ~0.6-0.5 Ga detrital zircon in Cambrian and Ordovician 
sedimentary rocks of central and eastern Australia has few Australian sources, but is common in the 
orogenic belts of the Transantarctic Mountains and the Mozambique Belt recording the collision 
between southern Africa and Antarctica. 
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The lack of Arunta-age zircon in sediments deposited within the Larapinta Seaway 
indicates that there was little or no positive topographic relief in the central Australian 
region during the Early Ordovician, with much of the Arunta Inlier buried beneath the 
Centralian Superbasin. Isopach data for Early Ordovician sediments in the Amadeus 
and Georgina basins indicate that sedimentary thicknesses increased towards the Harts 
Range region, implying that the area was a depocentre (Mawby et al., 1999; Hand et al., 
1999). Upper amphibolite- to granulite-facies metamorphism of the ~475-460 Ma 
Larapinta Event took place beneath the seaway in the Harts Range region, resulting in 
the development of a pervasive layer-parallel fabric at middle to lower crustal depths, 
with no associated folding of the metasedimentary sequence (Hand et al., 1999; Mawby 
et al., 1999). These constraints are consistent with an extensional rather than convergent 
setting for the metamorphism, and is coincident with rifting in the Canning Basin, 
which was connected with the Centralian Superbasin via the Larapintine Seaway 
(Romine et al., 1994). 
 
Convergent deformation during the Alice Springs Orogeny between ~450-300 Ma 
caused uplift of the Amadeus and Georgina basins and exhumation of basement in the 
Harts Range region. This uplift resulted in the deposition of unconformity-bound 
packages of clastic sediments in the basins, sourced from the uplifted areas. The detrital 
zircon signatures of two of these units, the Mereenie and Dulcie sandstones, are similar 
to those of latest Cambrian to Early Ordovician sedimentary rocks in the basins and are 
interpreted to have been sourced from erosion of the older sequences as they were 
uplifted. The paucity of Arunta-age zircon in these units indicates that uplift had not 
exposed rocks older than about Late Cambrian age. The maximum thickness of the 
Ordovician sequence in the Amadeus Basin is ~1 800 m (Lindsay, 1993), indicating that 
the Amadeus Basin was uplifted by less than ~2 km before ~365 Ma, when the Dulcie 
Sandstone was deposited. In the Harts Range area the Ordovician sequence is 
interpreted to be significantly thicker than that preserved in the Amadeus or Georgina 
basins (see chapters 4 & 5), which allows for a much greater degree of basement 
exhumation in this area. The major phase of basement exhumation and exposure thus 
appears to have taken place during the ~360 Ma Brewer Movement or the ~330 Ma 
Mount Eclipse Movement of the Alice Springs Orogeny. 
 
Chapter 3                                                                                                        Amadeus and Georgina basins 
 99 
3.8 Conclusions 
The detrital zircon signatures of sediments from the Amadeus and Georgina basins 
reflect a variety of proximal and distal sources. The changing influence of these sources 
appears to be dominated by the effects of uplift and subsidence and has proved a 
sensitive recorder of the timing and style of tectonism in the central Australian region. 
 
For much of the Neoproterozoic, sediments appear to have been sourced from the 
Arunta Inlier, and to a lesser degree the Musgrave Inlier, which appears to have been 
emergent at this time. Uplift of the Musgrave Inlier during the Petermann Orogeny 
between ~0.56 and ~0.52 Ga provided a dominant sediment source for the Amadeus 
Basin, while in the Georgina Basin sediments had a different provenance, possibly from 
distal areas to the northeast. The change in detrital signature during the Early Cambrian 
might reflect initial stages of rifting between the Georgina and Amadeus basins, and the 
formation of deeper NW-trending sub-basins which formed a barrier to sediment 
transfer. Towards the end of the Cambrian, the nature of sedimentation changed 
dramatically with the influx of sediment sourced from the Pacific Gondwanan margin. 
The formation of the WNW-trending Larapinta Seaway marks the peak of transgression 
and input of sediment with a ‘Pacific Gondwana’ signature. The primary source of this 
sediment is possibly the Mozambique Belt of the East African Orogen, which would 
indicate a sediment transport path of  more than 7 000 km. Granulite-facies 
metamorphism beneath the Larapintine Seaway during the Early Ordovician is 
constrained by the detrital zircon signature of overlying sediments to have occurred 
without significant positive topographic expression, consistent with an extensional or 
transtensional setting for the tectonism (e.g. Hand et al., 1999; Mawby et al., 1999). 
 
Basin inversion during the mid-Ordovician and Devonian uplifted the northeastern 
Amadeus Basin and southwestern Georgina Basin, causing less than ~2 km of uplift in 
these areas. The main phase of basement exhumation in the Harts Range region appears 
to have occurred between ~360-330 Ma. 
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Chapter 4 
 
Zircon U-Pb geochronology of the Harts 
Range Group 
 
 
 
4.1 Summary 
Detrital zircon geochronology of the Harts Range Group confirms that the protoliths of 
these amphibolite- to granulite-facies metasediments were deposited in the 
Neoproterozoic and Cambrian rather than the Palaeoproterozoic. The metasediments 
contain remnant detrital grains with major populations at ~0.5-0.7 Ga, ~1.0-1.2 Ga and 
~1.72-1.85 Ga, and minor populations at ~1.35, ~1.58 and ~2.5 Ga, similar to the ages 
of detrital zircon in similarly aged sedimentary rocks of the adjacent Amadeus and 
Georgina basins. The close similarity between the detrital zircon signatures of the Harts 
Range Group and the Amadeus and Georgina basins, coupled with similar changes in 
provenance with time, indicates that the Harts Range Group is the high-grade 
metamorphic equivalent of the unmetamorphosed basin sequences. 
 
Zircon overgrowths indicate the Harts Range Group was metamorphosed in the Early 
Ordovician during the Larapinta Event. Peak metamorphism at 10-12 kbar and ~800 °C 
possibly took place at ~475 Ma, while widespread metamorphic overgrowths at ~460 
Ma possibly reflect retrograde metamorphism at ~7 kbar and ~700 °C. The early 
Larapinta Event appears to have taken place during crustal extension beneath a shallow 
marine seaway that linked central Australia with the actively rifting Canning Basin to 
the northwest. This is consistent with suggestions by earlier workers that sediment 
burial to 30-35 km took place by sediment loading within an exceptionally deep sub-
basin (the Irindina Sub-basin). The end of the Larapinta Event coincides with the end of 
rifting in the Canning Basin and is followed by syn-orogenic sedimentation in the 
Centralian Superbasin, which possibly commenced at ~455 Ma as a result of uplift 
associated with the Rodingan Movement of the Alice Springs Orogeny. 
 
 
 
4.2 Introduction 
Recent detrital zircon geochronology of metasediments from the Harts Range Group 
(HRG) indicates that its sedimentary protoliths were deposited as recently as the 
Cambrian, more than 1.2 billion years younger than previously assumed (Buick et al., 
2001a,b; 2005). The dated units included the Irindina Gneiss and Harts Range Meta-
Igneous Complex (HRMIC) from the Mallee Bore area, ~20 km north of the Harts 
Range, and the Naringa Calcareous Member, Irindina Gneiss and Brady Gneiss from the 
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Harts Range, west of the Entia Dome. No data existed for the Stanovos Gneiss or any of 
the more isolated exposures of metasediments that crop out east of the Harts Range. 
 
In this study, detrital zircon geochronology has been carried out on metasediments from 
the HRG, building upon initial data collected by previous workers to more fully 
constrain: 1) the extent of the HRG, 2) the depositional ages and provenance of the 
protoliths, and 3) the relationship between the HRG and sedimentary rocks of the 
Centralian Superbasin. Metamorphic zircon overgrowths have also been dated to 
constrain the timing and distribution of high-grade metamorphism.  
 
The first part of this chapter presents zircon U-Pb data for several units in the Harts 
Range to more fully characterise the lithostratigraphic sequence. The second part 
presents geochronological data for metasediments up to 100 km east of the Harts Range 
to determine whether they are part of the HRG, and if so, whether they comprise part of 
the known lithostratigraphy or represent previously unknown units. The detrital zircon 
data are then compared with data from the Amadeus and Georgina basins to evaluate the 
potential correlations between the high-grade metamorphics and the unmetamorphosed 
basin sequences. 
 
4.3 Metasediments in the Harts Range 
4.3.1 Stanovos Gneiss Member 
The Stanovos Gneiss Member crops out to the southeast of the Entia Dome and consists 
of two lithological associations: (1) a structurally lower sequence consisting of 
quartzite, calc-silicate rock and marble, and (2) an upper sequence comprised of 
metapelitic gneiss, quartzofeldspathic gneiss and metabasite. The Stanovos Gneiss is 
distinguished from the Irindina Gneiss by the paucity of garnet in metapelite and the 
widespread occurrence of migmatite and quartzofeldspathic gneiss. Lithological 
similarities between the lower Stanovos Gneiss and the Naringa Calcareous Member in 
the western Harts Range have led some workers to speculate that the two units might be 
correlatives (e.g. Hand et al., 1999b). 
 
 
 
Chapter 4                                                                                                                        HRG geochronology 
 103 
 
 
 
 
 
 
 
Figure 4.1. Locations of geochronological samples of the Harts Range group within the Harts 
Range. 
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4.3.1.1 Lower Stanovos Gneiss (sample 2001080196) 
The lower Stanovos Gneiss was sampled from a prominent quartzite hill in the Stanovos 
Valley, ~5 km NW of Indiana Homestead (Fig. 4.9A; GR 539600 7422500). The 
quartzite is ~20 m thick, dips gently eastwards and is structurally overlain by marble 
and calc-silicate rock. The quartzite is muscovite-bearing and contains a layer-parallel 
fabric with a well-defined ENE-dipping mineral lineation. The lower contact of the 
quartzite is highly-strained and is interpreted to be a shear that has thrust the quartzite 
over structurally underlying metapelite of the upper Stanovos Gneiss. 
 
Zircon from the quartzite consists of relatively large (~200-300 µm), subhedral to 
euhedral multifaceted grains. CL images show that most grains consist of an irregular 
core with a broadly-zoned to textureless dark overgrowth up to 100 µm thick (Fig. 4.2). 
Some of the cores are highly fractured, with infillings of the zircon overgrowth and 
were avoided during analysis (Fig. 4.3). 
 
 
Figure 4.2. CL image of zircon from the lower Stanovos Gneiss, showing well-developed 
metamorphic overgrowths. 
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Seventy cores and 19 overgrowths were analysed, with the results listed in Table 4.1 
and plotted in Fig. 4.4. The ages of the cores lie within two main groupings: a broad 
group between ~1.35 and ~1.9 Ga, with a peak at ~1.58 Ga, and a second group with 
ages between ~1.05 and ~1.2 Ga and a peak at ~1.07 Ga. The ~1.07 Ga peak suggests 
that the 1.05-1.2 Ga zircon was probably sourced from the Musgrave Inlier, which 
contains abundant Grenville-age (~1.0-1.2 Ga) felsic intrusives, including a 
characteristic suite at ~1.07 Ga (Camacho et al., 2002). Although there was a major 
metamorphic event at ~1.58 Ga in the Arunta Inlier (the Chewings Event), there was 
little associated magmatism which might provide a significant source of zircon of this 
age. The ~1.58 Ga zircon in the lower Stanovos Gneiss has Th/U ratios of 0.63-1.29, 
consistent with an igneous rather than metamorphic origin, suggesting that the Arunta 
Inlier was not the source of this population. A possible source for this zircon was the 
Gawler Craton, where there are voluminous felsic magmatic rocks with ages of ~1.58 
Ga (the Hiltaba Suite – Creaser & Cooper (1993); Creaser & Fanning (1993)). A 
significant proportion of ~1.57-1.59 Ga detrital zircon is also found as a detrital 
component in metasediments from the Musgrave Inlier (Wade & Maidment, unpubl. 
data), probably initially derived from the Gawler Craton. It is possible that the ~1.58 Ga 
zircon in the Stanovos Gneiss was derived from reworking of metasediments in the 
Musgrave Inlier, which also formed the source area for Grenville-age zircon. Zircon 
with ages of ~1.7-1.9 Ga is consistent with local derivation from the Arunta Inlier, 
suggesting that the Musgrave and Arunta inliers formed the primary sediment sources 
for the lower Stanovos Gneiss. Although no Neoproterozoic or Palaeozoic grains were 
Figure 4.3. CL images of zircon from the lower Stanovos Gneiss showing complex zircon 
overgrowths on fractured cores. 
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found, the presence of Grenville-age grains and the structural position of the Stanovos 
Gneiss indicates that the unit is part of the HRG rather than the Palaeoproterozoic 
Arunta Inlier. 
 
 
 
 
 
 
 
 
The overgrowths have moderate U contents (260-600 ppm), moderately low Th/U 
(0.12-0.28) and form a cluster at ~0.45 Ga. Three analyses with lower 
206
Pb/
238
U are 
interpreted to have suffered a small amount of lead loss, leaving 16 analyses with a 
weighted mean age of 452.8 ± 4.3 Ma (MSWD = 1.46). This age is lower than most 
metamorphic ages for the HRG, including overgrowths in the upper Brady Gneiss (see 
below), which were analysed on the same mount with the lower Stanovos Gneiss. The 
reason for this lower age is uncertain, but appears to reflect metamorphism during the 
retrograde phase of the Larapinta Event. 
 
Figure 4.4. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from quartzite of the lower Stanovos Gneiss (sample 2001080196). Dark ellipses are 
analyses of cores and lighter ellipses analyses of overgrowths. Analyses with relatively large 
analytical uncertainties are unfilled for clarity. This scheme is used for the other samples in this 
study. 
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4.3.1.2 Upper Stanovos Gneiss (sample 2002080188) 
The upper Stanovos Gneiss was sampled ~4 km south of Indiana Homestead from a 
relatively thin quartzite unit within a tightly folded sequence of migmatitic metapelite, 
amphibolite and quartzofeldspathic gneiss (GR 544717 7415741). The quartzite 
contains needle-like rutile grains and minor hornblende, which possibly represent 
volcaniclastic components related to nearby amphibolite layers. 
 
Zircon from the quartzite consists of anhedral to subhedral grains up to 250 µm in size. 
CL imagery shows that a small proportion of grains have relatively thick overgrowths 
with a range of brightness that are broken and abraded and apparently part of the detrital 
component. A very thin moderate-brightness overgrowth up to ~10 µm thick mantles 
many of the grains, including the thicker overgrowths, forming facets on the older cores. 
 
 
 
 
 
 
One hundred and twenty five cores were analysed, with the data listed in Table 4.2 and 
plotted in Fig. 4.5. None of the very thin overgrowths were able to be analysed. The age 
spectrum for the cores is dominated by Grenvillean-ages between ~1.0-1.2 Ga, with a 
Figure 4.5. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from quartzite of the upper Stanovos Gneiss (sample 2002080188). 
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scattering of higher ages and a few lower ages down to ~0.8 Ga. A single concordant 
grain at ~0.63 Ga indicates that the sedimentary protolith was deposited after this time. 
The Grenvillean population has a main peak at ~1.16 Ga and a secondary peak at ~1.06 
Ga, consistent with derivation from the Musgrave Inlier. Older Mesoproterozoic and 
Palaeoproterozoic grains possibly indicate a minor sediment input from the Arunta 
Inlier, or alternatively were part of the detrital component of metasediments in the 
Musgrave Inlier. The single grain at ~0.63 Ga is similar to the age of granites in the 
Paterson Province (Nelson, 1995), consistent with a dominantly westerly to 
southwesterly source. 
 
The detrital zircon age signature of the upper unit of the Stanovos Gneiss is markedly 
different from that of the lower unit. While both contain significant populations of 
Grenvillean zircon, the lower unit is dominated by 1.35-1.9 Ga ages, whilst the upper 
unit is dominated by ages between ~0.8 and 1.3 Ga. In the lower unit there are no grains 
younger than ~1.04 Ga, while the upper unit contains numerous Neoproterozoic zircons 
ranging as young as ~630 Ma. These differences suggest that the protoliths of the upper 
and lower units of the Stanovos Gneiss might have been deposited at different times and 
possibly comprise separate lithostratigraphic units. 
 
4.3.2 Irindina Gneiss 
The Irindina Gneiss is dominated by a relatively thick sequence of garnet- and 
sillimanite-bearing pelitic to semi-pelitic schist and gneiss with minor quartzite and 
marble interbeds. Despite the apparent lithological uniformity of the Irindina Gneiss, 
aeromagnetic and spectrometric data indicate that it consists of two distinct units: 1) a 
structurally lower K- and Th-rich unit with an irregular, low to moderate magnetisation 
and 2) a structurally higher unit with low K and very low magnetisation (Fig. 4.6). 
 
4.3.2.1 Lower Irindina Gneiss (sample 2001080230) 
A sample of the lower Irindina Gneiss from west of Mount Bruna dated by Buick et al. 
(2005) yielded only zircon with a narrow range of Palaeoproterozoic ages (~1.70 and 
~1.77 Ga), however the structural position and similar metamorphic grade of the lower 
unit relative to other metapelites in the HRG suggest that it is part of the cover sequence 
rather than the Palaeoproterozoic basement. A second sample of the unit was taken from 
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the Harts Range ruby mine area in an attempt to obtain a more precise estimate of the 
depositional age of its protolith. 
 
The unit was sampled from flat-lying metapelitic schist on the lower limb of a large 
recumbent isoclinal fold ~30 m above the anorthosite body that hosts corundum in the 
ruby mine (Fig. 4.9B; GR 540285 7446406). It consists of biotite, quartz, garnet, 
plagioclase and muscovite with abundant prismatic sillimanite, which forms a well-
defined N-trending lineation. The schistosity wraps composite quartzofeldspathic 
porphyroclasts, likely representing attenuated layers of partial melt. Asymmetry of these 
porphyroclasts and S-C fabrics indicate a consistent top to the south sense of movement, 
which possibly reflects reworking of the fabric during the Alice Springs Orogeny. 
135° 135° 
Figure 4.6. Geophysical signatures of the lower and upper Irindina Gneiss west of the Entia Dome. 
(A) Spectrometric image (red=K, green=Th, blue=U). The lower Irindina Gneiss is bright and 
relatively rich in K and Th, while the upper Irindina Gneiss has a lower K content. (B) Total 
magnetic intensity, showing the lower Irindina Gneiss to have variable, but generally higher 
magnetisation than the upper unit. LI: lower Irindina Gneiss; UI: upper Irindina Gneiss; HRMIC: 
Harts Range Meta-Igneous Complex; BG: Bruna Gneiss; NC: Naringa Calcareous Member. 
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Most zircon from the metapelite consists of rounded, clear equant grains, 100-250 µm in 
size, although a few grains have aspect ratios of up to ~3. CL imaging shows that many 
grains consist of an irregular core mantled by a moderate-brightness overgrowth, that 
gives the grain its equant shape (Fig. 4.7). Most of these overgrowths are <30 µm thick, 
however in some cases the overgrowths are up to 100 µm thick and comprise most of 
the zircon grain. 
 
Fifty analyses of cores and 23 of overgrowths are listed in Table 4.3 and plotted in Fig. 
4.8. Most cores form a concordant to near concordant group with ages between ~1.6 Ga 
and ~1.8 Ga, with two older grains at ~2.35 and ~2.39 Ga. Although the main group 
forms a near-symmetric distribution around ~1.73 Ma, the MSWD of this group is 
greater than that expected for a single-age population. The protolith sediment was 
probably derived from the eastern Arunta Inlier where felsic igneous rocks with ages 
between ~1.72 and 1.78 Ga are common. The relatively restricted range of ages 
suggests that the protolith was deposited within a local depocentre with little distal 
Figure 4.7. CL image of zircon from the metapelite of the Lower Irindina Gneiss, showing 
relatively thick, equant overgrowths. 
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sediment input, despite its pelitic composition. The high K and Th content and elevated 
magnetisation of this unit might thus reflect the high proportion of felsic gneiss and 
generally high magnetisation of rocks in the eastern Arunta Inlier. The absence of any 
identified Mesoproterozoic metasedimentary packages in the Arunta Inlier and the 
structural position of the schist supports the interpretation that the unit is not a 
Proterozoic volcaniclastic rock, but part of the Irindina Gneiss, deposited during the 
Cambrian within an isolated basin surrounded by exposed basement of the Strangways 
Metamorphic Complex. The mature character of the metasediment implies that this 
basin was of sufficient size for sedimentary sorting and formation of extensive pelites. 
 
The bulk of overgrowth analyses form a group at ~0.46 Ga, having U concentrations of 
110 to 390 ppm and Th/U of 0.03-0.13. Two analyses (12.1 and 20.1) have significantly 
lower 
206
Pb/
238
U and are interpreted to have undergone lead loss. The remaining 16 
analyses have equal  
206
Pb/
238
U within analytical error and yield a weighted mean age of 
461.5 ± 3.5 Ma (MSWD = 1.59). Five rounded overgrowths with moderate uranium 
content (77-416 ppm) and higher Th/U (0.11-0.94) are much older, with ages ranging 
between 1622 and 1726 Ma, and are interpreted to be part of the detrital component. 
 
 
Figure 4.8. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from metapelite of the lower Irindina Gneiss at the Harts Range ruby mine (sample 
2001080230). 
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Figure 4.9.  (A) Outcrop of quartzite from the lower Stanovos Gneiss in the Stanovos Valley (GR 
539600 7422500); (B) Lower Irindina Gneiss near the Harts Range ruby mine, showing top to the 
south shear sense indicators (GR 540285 7446406); (C) Calc-silicate rock of the upper Brady Gneiss, 
showing boudinaged quartzose layers with metasomatic rims (GR 540802 7439677); (D) Semipelitic 
schist of the upper Irindina Gneiss containing strong retrograde foliation, ESE of Lizzie Dam (GR 
506827 7424908). 
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Four near-concordant analyses of three grains were considerably younger than the other 
cores and overgrowths. These grains are euhedral to subhedral, with no overgrowths, 
and have moderate uranium contents (403-836 ppm) and lower Th/U (0.05-0.07) than 
the remnant detrital cores. Their ages range between ~343 and ~372 Ma, with a spread 
beyond that of analytical uncertainty. If the youngest analysis is omitted, interpreted to 
have undergone slight lead loss, the remaining 3 analyses have equal 
206
Pb/
238
U within 
error, yielding a weighted mean age of 365 ± 10 Ma. Although there are insufficient 
analyses to define a robust mean, this age indicates that new zircon growth took place 
during the Brewer Movement of the Alice Springs Orogeny, possibly dating the south-
directed shearing that reworked the metapelite. The timing of this zircon growth is 
similar to that of granite emplacement at ~360 Ma recorded in the Brady Gneiss along 
the NE and NW margins of the Entia Dome (Chapter 6), indicating that a significant 
thermal event took place at this time.  
 
4.3.2.2 Upper Irindina Gneiss (sample 2001080003) 
The upper Irindina Gneiss was sampled ~4 km ESE of Lizzie Dam (Fig. 4.9C; GR 
506827 7424908), where it consists of a quartz, biotite, plagioclase, garnet and 
sillimanite schist with a strong layer-parallel foliation. A slightly more quartz-rich and 
coarser-grained layer ~30 cm thick was sampled from within the pelite in order to 
obtain zircon of a slightly larger grain size for analysis. 
 
Zircon from the semipelite is relatively large, typically around 150-200 µm in size, but 
ranging up to 500 µm long. Many grains are mantled by thin overgrowths, typically ~10 
µm thick, which have a moderate to low intensity in CL images (Fig. 4.10). Seventy-
four analyses of cores and six analyses of overgrowths are listed in Table 4.4 and 
plotted in Fig. 4.11. A large proportion of grains have ages between ~1.0 and ~1.3 Ga, 
with peaks at ~1.02, 1.11 and 1.23 Ga. There are also a range of younger ages, with a 
secondary peak at ~0.86 Ga and a spread between ~0.5 and ~0.75 Ga. The Grenvillean 
and higher ages are consistent with sources in the Musgrave and Arunta Inliers, 
however zircon with ages of ~0.86 Ga and 0.5-0.75 Ga has no obvious central 
Australian source. Ages between 0.5-0.7 Ga are common in Cambro-Ordovician 
sediments in southeastern Australia (Williams & Chappell, 1998; Williams et al., 2002), 
indicating a connection between the central and southeast Australian depositional 
systems (Chapter 3). The two youngest grains (8 and 31) were analysed multiple times 
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to obtain better precision, yielding ages of 517 ± 13 and 504 ± 21 Ma respectively (2, 
including the propagated error on the standard analyses). The schist has a similar detrital 
age spectrum to that of Irindina Gneiss near Mallee Bore (Buick et al., 2001a), which 
has a range of Grenvillean and Arunta ages, a group between ~0.5 and ~0.75 Ga and a 
youngest grain with an apparent age of ~511 Ma. The Irindina Gneiss was thus probably 
deposited in the Early to Middle Cambrian, at a similar time to carbonate-dominated 
deposition in the Amadeus and Georgina basins. 
 
 
Most of the overgrowths were too thin to be analysed, however six analyses were able 
to be made, yielding a range of ages. One relatively thick, rounded overgrowth with 
high U (>~1500 ppm) and Th/U of 0.12 was analysed twice, yielding an average age of 
~630 Ma (analyses 27.1, 27.2). An irregular overgrowth with a U content of 735 ppm 
and Th/U of 0.03 yielded an age of ~1050 Ma (analysis 41.2). Three euhedral 
overgrowths with moderate U content (280-386 ppm) and low Th/U (0.01-0.02) have 
equal 
206
Pb/
238
U within error, yielding a pooled age of 478 ± 15 Ma. These younger 
overgrowths have a similar appearance in CL imagery to other thin overgrowths in the 
sample and are interpreted to date metamorphism of the Larapinta Event. The older, 
Figure 4.10. CL image of zircon from semipelite of the upper Irindina Gneiss, showing grains with 
some of the thicker overgrowths. 
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more rounded overgrowths are interpreted to be remnant abraded overgrowths on 
detrital grains. 
 
 
 
 
 
4.3.3 Harts Range Meta-Igneous Complex (sample 2001080226) 
The Harts Range Meta-Igneous Complex (HRMIC) consists of numerous layer-parallel 
metabasite and minor anorthosite units within the Irindina Gneiss. Some of these have 
thicknesses in excess of 1 000 m and can be traced for over 100 km in the Harts Range 
area. The presence of detrital zircon in amphibolites from the HRMIC and the common 
intimate interlayering of metasediments and metabasite implies that at least some of the 
units are volcanic or volcaniclastic, rather than sills.  
 
Two units from the Harts Range Meta-Igneous Complex were sampled with the aim of 
finding magmatic zircon that would precisely date the age of emplacement: 1) a thick, 
relatively homogeneous amphibolite unit near Rockhole Dam in the southeastern Harts 
Range and 2) an anorthosite layer from the ruby mine area west of the Entia Dome. 
However, no zircon could be found in either of these units, and so a relatively quartz-
rich layer was sampled from within metabasite in the Mount Ruby area of the southern 
Figure 4.11. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from semipelite of the upper Irindina Gneiss ESE of Lizzie Bore (sample 2001080003). 
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Harts Range in the hope that it contained a significant clastic sedimentary component 
with detrital zircon. 
 
Quartz-rich amphibolite was sampled from near the southern margin of the large 
metabasite body (GR 532766 7435899), consisting of a medium to coarse grained 
quartz-hornblende-plagioclase gneiss with a weak compositional layering. Zircon from 
the amphibolite ranges up to ~200 µm in size and in CL images is seen to have a range 
of brightness, zoning patterns and shape, typical of a detrital population (Fig. 4.12). 
These grains are typically modified by weakly zoned, moderately bright overgrowths. 
 
Sixty analyses of cores and 14 of zircon overgrowths are listed in Table 4.5 and plotted 
in Fig. 4.13. There is a relatively large proportion of Grenville ages, with peaks at ~1.15 
and ~1.02 Ga, and a smaller group of zircons with ages between 1.51-1.78 Ga. 
Secondary peaks occur at ~0.85 Ga, ~1.59 and ~1.8 Ga, with a scattering of ages from 
~0.7 Ga to ~0.56 Ga. The relative proportions of age clusters suggest that most sediment 
was derived from the Musgrave Inlier, with a minor input from the Arunta Inlier. There 
are no obvious central Australian sources for the ~865 Ma peak, which is similar to that 
Figure 4.12. CL image of zircon from quartz-rich unit in metabasite near Mount Ruby, showing 
cores with a range of luminescence and zoning patterns mantled by moderate intensity overgrowths. 
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found in the upper Irindina Gneiss. The 0.56-0.7 Ga group is interpreted to be derived 
from the same distal areas to the southeast as similarly-aged zircon in the upper Irindina 
Gneiss. 
 
The detrital zircon age signature of the HRMIC near Mount Ruby is similar to that of 
the HRMIC from Mallee Bore (Buick et al., 2001a) and the upper Irindina Gneiss, with 
which it is interlayered. The similarity between the detrital zircon ages of these units 
over a distance of ~50 km gives confidence that the measured age signature is 
representative of the detrital zircon population, with the youngest detrital ages of ~0.56 
Ga indicating that the volcaniclastic was deposited during the Early Cambrian. An early 
Palaeozoic age for this unit is consistent with Nd data for the HRMIC collected by 
Sivell & McCulloch (1991), who found initial 
143
Nd/
144
Nd ratios higher than that 
reported for any other Proterozoic igneous rock. The inferred Palaeoproterozoic age for 
the HRMIC led these workers to propose the presence of an anomalous depleted mantle 
reservoir, however if a Cambrian age is used the Nd values they obtained from the 
metabasites (+6.9 to +8.2) are compatible with models for the isotopic evolution of the 
depleted mantle (e.g. Galer et al., 1989). 
 
 
 
Figure 4.13. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from hornblende-rich quartzite in the HRMIC near Mount Ruby (sample 2001080226). 
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The zircon overgrowths have low to moderate U contents (~40-415 ppm) and generally 
low Th/U, (0.02-0.46). Two analyses (15.2, 18.2) have significantly lower 
206
Pb/
238
U 
than the rest and are interpreted to have undergone lead loss. The remaining 12 analyses 
have equal 
206
Pb/
238
U within analytical error and yield a weighted mean age of 462.2 ± 
5.4 Ma (MSWD = 0.58). 
 
4.3.4 Upper Brady Gneiss (sample 200180254) 
The Brady Gneiss is the structurally highest unit of the HRG and crops out in an arcuate 
belt along the northern and eastern margins of the Entia Dome. It consists of two units: 
a lower pelitic and an upper calcareous unit. The lower unit consists of garnet-
muscovite-biotite schist with minor amphibolite and typically has a much higher density 
of late-stage pegmatites than the rest of the Harts Range Group. The upper unit is 
dominated by calc-silicate rock with minor metapelitic schist. 
 
The upper Brady Gneiss was sampled from a low ridge of calc-silicate gneiss east of 
Entia Dome (GR 540802 7439677). The calc-silicate consists of quartz, plagioclase, 
clinopyroxene, actinolite, clinozoisite, titanite, calcite and scapolite, and contains 
numerous quartzose ellipsoids with altered margins that possibly represent boudinaged 
quartzitic layers (Fig. 4.9D). Zircon grains from the calc-silicate are generally between 
100-200 µm in size and CL images show that many consist of irregular cores 
surrounded by relatively thick, dark overgrowths, which commonly form embayments 
in the cores (Fig. 4.14). These overgrowths have a variety of internal textures, ranging 
from relatively homogeneous or regularly zoned to mottled with thin cross-cutting 
‘veinlets’ (Fig. 4.15). Thin, bright overgrowths typically 5-10 µm thick mantle the 
darker overgrowths and cores on many grains. 
 
Fifty-eight analyses of cores and 22 of overgrowths are listed in Table 4.6 and plotted in 
Fig. 4.16. The cores have a much larger component of ages between ~0.5 and ~0.7 Ga 
than structurally lower units, with secondary populations at 0.87, 1.05-1.2 Ga and 1.78-
1.89 Ga. The youngest three cores have ages of ~499, ~531 and ~549 Ma, suggesting 
that the protolith was deposited during the Cambrian, possibly as recently as the Late 
Cambrian. These data are consistent with detrital zircon data for the lower unit of the 
Brady Gneiss near Atitjere, which has age groupings and grains as low as ~510 Ma 
(Buick et al., 2005). 
Chapter 4                                                                                                                        HRG geochronology 
 119 
 
 
 
Figure 4.14. CL imagery of zircon from calc-silicate rock of the upper Brady Gneiss, showing 
cores with low intensity overgrowths mantled by late, thin bright overgrowths. 
Figure 4.15. CL image of zircon overgrowths from the Brady Gneiss, showing apparent 
recrystallisation textures. 
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Nineteen analyses were made of the relatively thick, dark overgrowths, which have 
moderate to high U contents (430-1050 ppm) and low Th/U (0.03-0.11). The data have 
a spread in 
206
Pb/
238
U beyond analytical uncertainty and can be divided into two groups 
at ~0.46 and ~0.48 Ga. If one analysis with low 
206
Pb/
238
U is omitted from the lower 
group, the remaining 13 analyses form a population with a weighted mean age of 458.6 
± 4.4 Ma (MSWD = 1.61). The remaining 5 analyses have equal 
206
Pb/
238
U within error, 
and yield an age of 478.7 ± 6.9 Ma (MSWD = 1.32). These populations possibly 
indicate that two phases of metamorphism took place during the Early Ordovician, 
though Hand et al. (1999) found no evidence for peak metamorphic and retrograde 
domains like those found lower in the sequence. Another possibility is that the older 
overgrowth population represents partially recrystallised detrital cores, however this is 
considered less likely since the population forms a coherent group rather than a spread 
of partially reset ages. 
 
Figure 4.16. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from calc-silicate rock of the upper Brady Gneiss (sample 200180254). 
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Three of the thin, bright-CL overgrowths were thick enough to be analysed. They have 
low uranium contents (27-102 ppm), low Th/U 0.04-0.17 and yield ages of ~356, ~368 
and ~379 Ma, indicating that a second phase of relatively high-grade metamorphism 
took place during the Middle to Late Devonian, at a similar time to granite and 
pegmatite emplacement elsewhere in the Harts Range (Chapter 6; Storkey et al., in 
prep.). 
 
4.3.5 Harts Range Group provenance patterns 
The data presented here, combined with those of previous studies (Buick et al., 2001a, 
2005) provide a relatively detailed detrital zircon dataset for the Harts Range Group 
(Fig. 4.17). These data reveal a systematic evolution of provenance that provides a 
framework against which the isolated metasedimentary outcrops in the eastern part of 
the Harts Range Metamorphic Complex can be compared. 
 
The lower Stanovos Gneiss, in the lower part of the Harts Range Group, has a 
significant component of Arunta-age zircon, which generally only forms a minor 
component of higher units. Grenvillean ages form a significant component of all units, 
but form a smaller component in the uppermost parts of the sequence. Ages less than 
~1.0 Ga are not present in the lowest units but are present in higher units, with ages 
between 0.5 and 0.75 Ga becoming progressively more common towards the top of the 
sequence. The exception to this pattern is metapelite of the lower Irindina Gneiss that 
has a narrow range of Palaeoproterozoic ages, making it a distinctive marker unit. 
 
The general lithological similarity between the calcareous lower Stanovos Gneiss and 
Naringa Calc-silicate members led some workers to suggest that the units might be 
correlatives (e.g. Hand et al., 1999). The broad similarities between the detrital zircon 
signatures of these units supports this correlation, with both units containing significant 
Grenvillean and Palaeoproterozoic components and lacking ages younger than ~1.0 Ga. 
This contrasts with the upper Stanovos Gneiss, which is dominated by zircons between 
0.8 and 1.2 Ga. 
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Figure 4.17. Compilation of detrital zircon data for the Harts Range Group in the Harts Range, 
incorporating data from this study and that of Buick et al. (2001; 2005). 
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Figure 4.18. Location of geochronological samples of undivided Harts Range Group east of the 
Harts Range. 
Chapter 4                                                                                                                        HRG geochronology 
 124 
4.4 Harts Range Group east of the Harts Range 
4.4.1 Mount Bird metapelite (sample 2001080038) 
Garnet-bearing metapelitic gneiss with lithological similarities to the Irindina Gneiss 
crops out in the Mount Bird area, ~25 km NNE of Indiana Homestead (Fig. 4.18). A 
sample of metapelite was collected near Mount Bird (GR 549546 7443905) to test 
possible correlations and constrain the easterly extent of the Brady Gneiss and the 
uppermost parts of the preserved sequence. The metapelite consists of biotite, 
muscovite, quartz, plagioclase, garnet and sillimanite with a strong layer-parallel 
schistosity (Fig. 4.27A). Zircon grains from the metapelite are rounded to subhedral, 
around 100-200 µm in size and many have complex internal textures in CL imagery. A 
large number of grains have a core displaying oscillatory zoning surrounded by a 
relatively thick overgrowth with moderate to dark CL intensity (Fig. 4.19). Many grains 
are mantled by a thin CL-bright overgrowth ~5 µm thick, which gives these grains a 
subhedral shape. 
 
 
Analyses of 61 cores and 14 overgrowths are listed in Table 4.7 and plotted in Fig. 4.20. 
The cores have a narrow range of Palaeoproterozoic ages, ranging from ~1.7-1.85 Ga, 
Figure 4.19. CL image of zircon from metapelite near Mount Bird. In many grains relatively thick, 
dark overgrowths are mantled by a thin, moderate intensity overgrowth. 
Chapter 4                                                                                                                        HRG geochronology 
 125 
with a peak at ~1.74 Ga and a few grains at ~2.6 Ga. The range in 
207
Pb/
206
Pb of the 
main group is greater than expected for a single population and the cores are interpreted 
to represent a population of remnant detrital grains. The detrital zircon signature is very 
similar to the distinctive signature of the lower Irindina Gneiss west of the Entia Dome, 
suggesting that they are correlatives. Both units are lithologically similar and are both 
deformed by large-scale recumbent isoclinal folds, which have only been observed near 
the basement/cover contact, suggesting that they occupy a similar structural position. 
The Mount Bird metapelite occurs to the east of a major NW-trending shear zone 
identified in aeromagnetic data. The juxtaposition of the inferred Irindina Gneiss against 
the Brady Gneiss constrains the eastern extent of the Brady Gneiss and suggests that the 
shear is a SW-directed thrust, similar to others observed in the Harts Range that formed 
during the Alice Springs Orogeny. 
 
 
 
 
 
 
Analyses of the overgrowths form a near-concordant cluster at ~1.7 Ga. Discarding two 
significantly discordant analyses leaves a group of 12 analyses with equal 
207
Pb/
206
Pb 
Figure 4.20. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from garnet-biotite-sillimanite metapelite near Mount Bird (sample 2001080038). 
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within analytical uncertainty, yielding an age of 1704.1 ± 8.5 Ma (MSWD = 1.48). The 
rounded shape of these overgrowths and the presence of cores with similar ages suggest 
that the overgrowths pre-date the deposition of the protolith sediment. The fact that such 
a large proportion of detrital grains preserve overgrowths with an age similar to those 
found in the eastern Arunta Inlier is consistent with the interpretation that the zircon was 
locally derived, with little of the mechanical abrasion that would occur if the zircon was 
transported over a large distance. The late-stage, CL-bright overgrowths were too thin to 
analyse, but their relatively sharp, multi-faceted shapes suggests that they were formed 
in situ, possibly at the same time as Palaeozoic overgrowths in other units of the HRG. 
 
4.4.2 Crossing Bore schist (sample 2001080104) 
A prominent hill of metapelitic schist capped by Tertiary silcrete occurs ~5 km east of 
Crossing Bore (GR 563946 7443569). The metapelite is moderately weathered, 
probably due to its proximity to the Tertiary weathering surface, and consists of tightly 
folded biotite + quartz + muscovite schist spatially associated with scattered outcrops of 
calc-silicate rock (Fig. 4.27B). A relatively small number of zircon grains were obtained 
from the schist, ranging from 50-300 µm in size. Most grains have an irregular core 
surrounded by a thin, subhedral, dark-CL overgrowth, typically 5-10 µm thick (Fig. 
4.21). 
Figure 4.21. CL image showing zircon from metapelite east of Crossing Bore. Most overgrowths 
are relatively thin, but the dark overgrowth in the centre-right of the image was able to be dated, 
yielding an Early Ordovician age. 
Chapter 4                                                                                                                        HRG geochronology 
 127 
Analyses of 65 cores and one overgrowth are listed in Table 4.8 and plotted in Fig. 4.22. 
Despite the moderate degree of weathering, most of the analyses are concordant to near-
concordant, and are dominated by ages between ~1.05 and 1.25 Ga, suggesting that the 
protolith was sourced predominantly from the Musgrave Inlier. There is also a 
scattering of higher ages and three lower ages at ~716, ~662 and ~627 Ma. Only a 
single overgrowth was thick enough to be analysed, yielding an age of ~484 Ma, 
constraining the deposition of the protolith to the Late Neoproterozoic or Cambrian and 
indicating that it was metamorphosed during the Larapinta Event. The detrital zircon 
signature is similar to that of the upper Stanovos Gneiss in the Harts Range, and the 
schist is interpreted to be a correlative of that unit. 
 
 
 
 
 
4.4.3 Badens Camp quartzite (sample 2001080028) 
A sequence of quartzite, calc-silicate rock and calcareous biotite-muscovite schist in the 
Badens Camp area, ~50 km ENE of Indiana Homestead, comprises the largest group of 
outcrops of the HRG east of the Harts Range (Fig. 4.18). The strain in this area is lower 
than in the Harts Range, with graded bedding interpreted to have been preserved in 
Figure 4.22. Tera-Wasserburg concordia plot and relative probability histogram of zircon U-Pb data 
from schist east of Crossing Bore. 
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some areas, although the rocks have been metamorphosed at amphibolite facies 
conditions (Fig. 4.27D). A thickly bedded quartzite unit was sampled from ~4 km NE of 
Badens Bore (GR 586659 7432315), which yielded abundant clear, euhedral to 
subhedral zircon grains averaging ~100 µm in size that superficially resemble an 
igneous population (Fig. 4.23A). However, CL imagery reveals that almost all grains 
consist of an irregular core surrounded by a euhedral, CL-dark overgrowth up to ~50 
µm thick (Fig. 4.23B). 
 
Figure 4.23. Zircon from quartzite near Badens Camp (A) transmitted light (B) CL image. 
Zircon overgrowths on rounded cores give the grains a euhedral form that gives the grains a 
magmatic appearance in transmitted light, which shows little evidence of the cores. 
A 
B 
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Eighty-five cores and 18 overgrowths were analysed, with the results listed in Table 4.9 
and plotted in Fig. 4.24. The resultant age spectrum is relatively complex, with most 
ages between ~0.85 and ~1.87 Ga, and peaks at ~0.91, ~1.04-1.08, 1.28, 1.58 and 1.72 
Ga. The ~1.06 Ga and ~1.58 Ga groups are possibly sourced from felsic intrusives and 
metasediments respectively in the Musgrave Inlier, while the ~1.72 Ga peak is 
consistent with the ages of felsic gneisses in the eastern Arunta Inlier. The sources of 
the ~0.91 and ~1.28 Ga peaks are less apparent, there being no known central Australian 
sources of appropriate age. The detrital spectrum has no obvious correlative in the 
metasediments of the Harts Range, which suggests that the quartzite and calc-silicate in 
this area might represent a previously unrecognised unit in the HRG. The absence of 
ages <0.85 Ga suggests that this unit was deposited between the upper and lower units 
of the Stanovos Gneiss. 
 
 
 
 
 
Seventeen of the 18 overgrowths analysed form a cluster about 0.46 Ga with moderate 
U (485-745 ppm) and low Th/U (0.11-0.14). A single moderately discordant overgrowth 
with higher Th/U (0.37) and a 
207
Pb/
206
Pb age of 1.64 Ga is interpreted to be part of the 
Figure 4.24. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from quartzite NE of Badens Camp (sample 2001080028). Light grey analyses are 
overgrowths. 
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detrital component. The remaining 16 analyses form a group with equal 
206
Pb/
238
U 
within analytical uncertainty, yielding an age of 460.5 ± 5.3 Ma (MSWD = 0.95). 
 
4.4.4 Jervois quartzite (sample 2002080134) 
Low ridges of quartzite and biotite-muscovite-garnet-sillimanite schist occur in the 
vicinity of Jervois Homestead, ~100 km east of the Harts Range. The metasediments 
have not been confidently correlated with other units of the eastern Arunta Inlier, with 
Freeman (1986) noting that structurally they underlie unnamed gneisses of the 
Strangways Metamorphic Complex, but also show similarities to the Ledan Schist and 
Utopia Quartzite, which are part of a cover sequence within the complex (see Chapter 
8). Freeman (1986) also noted that there are lithological similarities between these 
metasediments and those of the HRG. Muscovite-bearing, feldspathic quartzite was 
sampled from a sequence of interbedded quartzite and arkose at Jervois Homestead 
(Fig. 4.32A; GR 616712 7461271). Zircon grains from the quartzite are generally 
rounded to subhedral, ranging up to ~250 µm in size. Many grains have one or more 
facets, which in CL imagery are seen to be due to the formation of very thin, moderate-
brightness zircon overgrowths on rounded cores (Fig. 4.25). 
 
Figure 4.25. CL image of zircon from feldspathic quartzite at Jervois Homestead. Overgrowths are 
typically thin, occasionally forming thicker embayments in cores. 
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Analyses of 73 cores and two overgrowths are listed in Table 4.10 and plotted in Fig. 
4.26. A large number of cores have ages between ~1.04 and ~1.27 Ga, with secondary 
groups peaking at ~1.59 and ~1.73 Ga. The dominant Grenvillean component, the ~1.59 
Ga group and a small group of ages between ~1.33 and ~1.40 Ga are likely to have been 
sourced from the Musgrave Inlier. A secondary Arunta source is suggested by the ~1.73 
Ga peak. The youngest core has an age of ~985 Ma, indicating that the quartzite is part 
of the HRG rather than the Strangways Metamorphic Complex. Aeromagnetic data 
indicate that the Jervois Homestead outcrops are the most northeasterly exposures of the 
Harts Range Group, with the unexposed boundary with the Strangways Metamorphic 
Complex to the north marked by a sharp increase in magnetic intensity. Two 
overgrowths were able to be analysed, having moderate U contents (446 & 704 ppm) 
and low Th/U (0.09 and 0.13). Their 
206
Pb/
238
U ages of ~465 and ~477 Ma indicate that 
relatively high-grade metamorphism during the Larapinta Event affected the 
metasediments in the Jervois area. The detrital age spectrum shares some similarities 
with that of the lower Stanovos Gneiss, having significant Grenville- and Arunta-age 
populations and containing no grains <1.0 Ga. 
 
 
 
 
 
Figure 4.26. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data for feldspathic quartzite at Jervois Homestead (sample 2002080134). 
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Figure 4.27. (A) Photomicrograph of metapelite near Mount Bird, cross polars (GR 549546 7443905). 
Yellow colour of quartz is a result of a thick section; (B) North-trending tight folds in biotite-
muscovite schist, ~5 km east of Crossing Bore (GR 563946 7443569); (C) Tight NW-trending folds in 
quartzite and semipelite, NE of Badens Camp (GR 586600 7432410); (D) Interpreted graded bedding 
in interbedded quartzite and metapelite, north of Badens Camp (GR 587041 7432369). Symbol 
indicates younging direction. 
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4.4.5 Atula calc-silicate (sample 2002080141) 
A low ridge of calc-silicate rock was sampled ~17 km SSW of Jervois Homestead (GR 
613797 7444102), consisting of quartz, clinopyroxene, epidote, clinozoisite, titanite, 
biotite and calcite with a weak layer-parallel fabric developed in places. The 
metamorphic grade in this part of the Harts Range Metamorphic Complex appears to be 
lower than elsewhere, with the calc-silicate being finer-grained than calc-silicates to the 
west, having more irregular grain boundaries and lacking partial melt. Fine-scale cross-
bedding is also preserved in some layers despite recrystallisation (Fig. 4.32B). 
 
 
Zircon grains from the calc-silicate are generally relatively small (~40-50 µm), but 
range up to ~150 µm in size. In CL imagery many grains have thin, dark overgrowths 
that are typically thickest at terminations, tending to form subhedral grains, however 
none were able to be analysed. Sixty-two analyses of zircon cores are listed in Table 
4.11 and plotted in Fig. 4.29. The zircon age spectrum is dominated by broadly 
Grenvillean ages between ~0.95 and 1.25 Ga, with secondary peaks at ~0.63 Ga, ~1.38 
Ga, and ~1.76 Ga, and a scattering of ages to ~2.66 Ga. The youngest population at 
~0.63 Ga places an upper limit on the depositional age of the protolith. The strong 
Grenvillean age component (including the characteristic 1.07 Ga peak) and ages at 
~1.38 Ga suggest that most sediment was sourced from the Musgrave Inlier, with the 
C
 
Figure 4.28. CL image of zircon from calc-silicate rock SSW of Jervois Homestead, showing 
typical small grain size and thin metamorphic zircon overgrowths. 
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discrete ~0.63 Ga peak possibly sourced from granites in the Paterson Province. 1.73-
1.79 Ga zircon probably reflects a local, eastern Arunta source. The strong Grenvillean 
component and the presence of ~0.63 Ga zircon are features found in quartzite from the 
upper Stanovos Gneiss and metapelite near Crossing Bore, suggesting that the units 
might have been deposited at a similar time. 
 
 
4.4.6 Atula quartzite (sample 2001080168) 
The most easterly metasedimentary unit sampled in this study was a thick quartzite unit 
~11 km SW of Atula Homestead, ~120 km ESE of the Harts Range (Fig. 4.32D; GR 
634055 7419701). The quartzite forms a low ridge to the south of a broad valley that 
contains numerous vein quartz outcrops which, based on aeromagnetic data, 
approximates the eastern boundary of the Harts Range Group. Metapelite to the north of 
this valley contains elliptical nodules up to ~1 cm in size that are interpreted to be the 
weathered remnants of andalusite porphyroblasts (Fig. 4.32C). Andalusite has not been 
recognised in the HRG and this metapelite is possibly part of the Palaeoproterozoic 
basement. Zircon from the quartzite south of the valley ranges up to ~200 µm in size 
and in CL imagery many grains are seen to consist of an irregular core surrounded by a 
Figure 4.29. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from calc-silicate rock SSW of Jervois Homestead (sample 2002080141). 
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relatively thick overgrowth (Fig. 4.30). These overgrowths show a range in brightness, 
range up to ~40 µm thick, and are commonly surrounded by an irregular very thin, 
bright overgrowth a few µm thick. 
 
 
 
Sixty-six cores and 31 overgrowths were analysed, with the results listed in Table 4.12 
and plotted in Fig. 4.31. Major age components at ~1.58 and ~1.05-1.3 Ga are 
consistent with sources in the Musgrave Inlier, while a significant peak at ~1.88 Ga was 
possibly derived from the Arunta Inlier. There are a few older ages, including groups at 
~2.05 and ~2.5 Ga, and a scattering of younger ages between ~0.55 and ~0.8 Ga. The 
age spectrum and ages of the youngest grains are similar to that of the Irindina Gneiss 
and HRMIC in the Harts Range, suggesting that the quartzite was deposited during the 
Early Cambrian, at a similar time to the pelites and mafic volcanics further to the west. 
 
 
 
 
Figure 4.30. CL image of zircon from quartzite SW of Atula Homestead. 
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The overgrowths have a range of ages, with groups at ~1.6-1.9, ~1.07 Ga and ~0.46 Ga. 
There is significant recent lead loss evident in many of the Palaeoproterozoic and 
Mesoproterozoic overgrowths, which have inferred ages similar to ages in the remnant 
detrital cores, and are interpreted to be part of the detrital component. The youngest 
concordant overgrowths are dark in CL images, with moderate to high U concentrations 
(490-1000 ppm) and low Th/U (0.004-0.075), consistent with a metamorphic origin. 
Two analyses (2.1 and 21.1) marginally overlapped cores, resulting in slightly older, 
mixed ages. Omitting these analyses leaves a group of 12 analyses with equal 
206
Pb/
238
U 
within error, yielding an age of 461.1 ± 6.9 Ma (MSWD=1.08). The very thin, bright 
overgrowths were not able to be analysed, but probably post-date the Larapinta Event, 
suggesting that the Alice Springs Orogeny might have had a significant metamorphic 
expression in the area. 
Figure 4.31. Tera-Wasserburg concordia plot and probability density histogram of zircon U-Pb 
data from quartzite SW of Atula Homestead (sample 2001080168). 
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Figure 4.32. (A) Cross-bedded arkosic quartzite near Jervois Homestead (GR 616712 7461271); (B) 
Finely cross-bedded calc-silicate rock ~17 km SSW of Jervois Homestead (GR 613797 7444102); (C) 
Interpreted andalusite (chiastolite?) porphyroblasts in pelitic schist, replaced by iron oxides and 
quartz, ~10 km SW of Atula Homestead (GR 634365 7421240); (D) View south from locality at (c) to 
low quartzite ridge dated by detrital zircon. Broad valley with quartz blows possibly marks the eastern 
boundary of the HRMC. 
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4.5 Comparison with Centralian Superbasin 
The ages of the youngest detrital grains in the HRG indicate that the protolith sediments 
were deposited at the same time as sediments in the adjacent Amadeus and Georgina 
basins, indicating that either the metasediments are the high-grade equivalents of the 
basin sediments or that the HRG is an allochthonous block. An allochthonous model for 
the HRG seems improbable since Palaeozoic palaeogeographic reconstructions place 
the Harts Range region at least 500 km from the nearest continental margin (e.g.Walley 
et al., 1991). The fact that the Harts Range region is bordered to the north, south and 
east by relatively undeformed sedimentary basins of similar age also argues against 
structural emplacement. Thus, if the HRG is in fact the highly metamorphosed 
equivalent of these basins, then it might be expected that there would be similarities 
between their detrital zircon age signatures. 
 
 
 
 
 
 
Figure 4.33. Combined detrital zircon data for (A) metasediments of the Harts Range Group and 
(B) Neoproterozoic to Early Ordovician sedimentary rocks of the southern Georgina and 
northeastern Amadeus basins, showing the close similarity in provenance between the two 
sequences. Data from this study, Buick et al. (2001, in press) and Zhao et al. (1992). 
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The detrital zircon age data presented in Chapter 3 provide a reference against which the 
detrital signatures of the HRG can be compared. Figure 4.33 plots the combined detrital 
zircon age data for (A) 15 Neoproterozoic to early Ordovician sedimentary rocks of the 
eastern Amadeus Basin and southwestern Georgina Basin, and (B) 17 metasediments of 
the HRG. Both plots show three dominant groupings of ages at ~0.5-0.7 Ga, ~1.0-1.2 
Ga and ~1.72-1.85 Ga, and minor populations at ~1.35, ~1.58 and ~2.5 Ga. The striking 
overall similarity between the age spectra of the two sequences suggests that both 
sequences were sourced from similar regions and were part of the same sedimentary 
system. Within the Palaeoproterozoic peak, the HRG has relatively fewer 1.78-1.85 Ga 
grains and more ~1.73 Ga grains, however both age groups are found in the eastern 
Arunta Inlier and this difference is not considered significant. The fact that the HRG is 
over-represented in Cambrian units relative to the Centralian Superbasin dataset tends to 
reduce the influence of Palaeoproterozoic and Archaean zircon grains, which are more 
common in early to middle Neoproterozoic sediments. Thus, the relative proportions of 
components in the two graphs are of less significance than the ages of the peaks 
themselves. 
 
An even stronger line of evidence indicating a correlation between the HRG and 
Centralian Superbasin is the similarity between the changes in provenance with time in 
the two sequences, suggesting that both shared a similar history of basin development. 
Figure 4.34 plots the detrital zircon spectra of the HRG against those from the 
Centralian Superbasin, with the unclassified metasediments east of the Harts Range 
placed in their inferred stratigraphic positions. 
 
The oldest analysed units of the Amadeus Basin, the ~0.85 Ga Heavitree Quartzite and 
the ~0.6 Ga Limbla Member of the Aralka Formation, are dominated by Arunta-age 
(~1.72-1.85 Ga) zircon, with a significant Grenvillean component and no grains 
younger than ~1.0 Ga. During the late Neoproterozoic, sedimentary rocks in the 
Amadeus and Georgina basins have almost identical provenances, suggesting that the 
basins were linked at that time, and include a small proportion of grains between 0.8 
and 1.0 Ga. The detrital signature of the Early Cambrian Arumbera Sandstone is 
significantly different to the older units, dominated by Grenvillean ages due to the uplift 
of the Musgrave Inlier by the 0.57-0.52 Ga Petermann Orogeny. 
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Figure 4.34. Relative probability plots of detrital zircon data from the Harts Range Group and the 
Amadeus and Georgina basins, placing metasediments east of the Harts Range in their inferred 
stratigraphic position. Both the high-grade metasediments and sedimentary sequences share a 
similar change in provenance with time, suggesting that they are correlatives. 
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As sedimentation progressed during the Cambrian the relative proportion of Grenvillean 
ages broadly decreased up-section in sympathy with the progressive increase of ages 
between ~0.5 and ~0.7 Ga. By the latest Cambrian-early Ordovician 0.5-0.7 Ga ages 
dominate the detrital signature, with smaller amounts of Grenvillean ages and very few 
Palaeoproterozoic grains. The Arrinthrunga Formation stands out as an exception to this 
pattern, with a dominantly Arunta-age signature interpreted to be due to the fact that it 
was deposited on a sediment-starved, carbonate-rich platform rather than the deeper-
water conditions in to the south. 
 
The changes in provenance with time are closely matched in the HRG, strongly 
supporting the correlation between the high-grade and unmetamorphosed sequences. 
Quartzites from the lower Stanovos Gneiss Member, Naringa Calcareous Member and 
at Jervois Homestead at the base of the sequence contain populations of Arunta-age and 
Grenville-age zircon, with no grains dated younger than ~1.0 Ga. A dominant 
population of Grenville-age zircon occurs in the upper Stanovos Gneiss and Crossing 
Bore schist further up-sequence, which decreases towards the top of the sequence where 
0.5-0.7 Ga zircon becomes dominant in the Brady Gneiss. The similarities between the 
HRG and Centralian Superbasin also support the interpretation that the HRG is broadly 
right-way-up and preserved in its original stratigraphic order, though there are evidently 
gaps in the sequence (e.g. between the Irindina and Brady gneisses, which have a 
significant difference in metamorphic grade). 
 
Some of the metasediments have a detrital zircon signature that closely matches those of 
sedimentary units in the surrounding basins, suggesting that they may be direct 
correlatives. The lower Stanovos Gneiss, Naringa Calc-silicate, Jervois quartzite and 
Heavitree Quartzite contain no ages younger than ~1.0 Ga and have similar age 
populations at ~1.0-1.25 Ga and ~1.4-1.9 Ga, though the relative proportions of these 
populations varies somewhat. The lithological association of quartzite with overlying 
carbonate-rich units in the lower Stanovos Gneiss and Naringa Calcareous members is 
similar to the association of the Heavitree Quartzite and calcareous Bitter Springs 
Formation in the Amadeus Basin, and it is possible that these units are equivalents. The 
correlative of the Heavitree Quartzite in the Georgina Basin, the Yackah Beds, crops out 
~35 km ENE of Jervois Homestead and contains arkosic granule conglomerate and 
quartz arenite similar to that found in at Jervois Homestead. Although the detrital data 
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do not conclusively prove these correlations, they suggest that early-middle 
Neoproterozoic units are present in the HRG, as might be expected if the sequence is the 
correlative of the formerly continuous Centralian Superbasin. Quartzite near Badens 
Camp has no obvious correlative in the units dated from the Amadeus and Georgina 
basins, but the youngest age population at 0.8-1.0 Ga is similar to that found in late 
Neoproterozoic sedimentary rocks, suggesting that its sedimentary protolith might have 
been deposited at about this time. 
 
The upper Stanovos Gneiss and Crossing Bore schist have similar detrital signatures to 
the earliest Cambrian Arumbera Sandstone in the Amadeus Basin, which is also 
dominated by Grenvillean ages. In the Arumbera Sandstone, this signature is likely a 
result of uplift of the Musgrave Inlier during the 0.57-0.53 Ga Petermann Orogeny, and 
thus implies a latest Neoproterozoic to Early Cambrian age for deposition of the upper 
Stanovos Gneiss protoliths. A minimum depositional age for the upper Stanovos Gneiss 
is provided by granitoids within the unit which have an age of ~520 Ma (Chapter 5). 
The available data thus suggest that there is a significant time break between the upper 
and lower units of the Stanovos Gneiss, which is supported by the lithological 
differences and absence of mafic magmatism in the lower unit. The similar detrital 
signature of metasediments near Crossing Bore suggests that they might also be part of 
the upper Stanovos Gneiss, but appear to be of lower metamorphic grade and apparently 
lack the metabasite observed further west. The detrital signatures of the upper and lower 
Stanovos Gneiss and Naringa Calcareous members suggest that they were probably 
deposited before the Irindina Gneiss, and thus should not be considered members of the 
latter unit, but individual units in their own right. 
 
The detrital signature of the lower Brady Gneiss (Buick et al., 2005) is similar to that of 
the Late Cambrian Goyder Formation in the Amadeus Basin, with a dominant 
Grenvillean component and a secondary, but significant, 0.5-0.7 Ga population. The 
upper Brady Gneiss has a similar detrital age signature to the latest Cambrian Pacoota 
Sandstone in the Amadeus Basin, and the latest Cambrian-early Ordovician Tomahawk 
Formation of the Georgina Basin, with a higher proportion of 0.5-0.7 Ga ages and fewer 
Grenvillean ages than the lower Brady Gneiss. The Cambro-Ordovician units in the 
surrounding basins were deposited within the Larapintine Seaway, which reached its 
maximum extent in the early- to mid-Ordovician (Walley et al., 1991). The protoliths to 
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Brady Gneiss appear to have been deposited during the formation of the seaway in the 
Late Cambrian.  
 
SAMPLE 
YOUNGEST 
DETRITAL 
ZIRCON AGES 
INFERRED 
DEPOSITIONAL 
AGE 
METAMORPHIC 
OVERGROWTHS 
Upper Brady Gneiss ~0.50 Ga 
Middle to Late 
Cambrian 
479 ± 7 Ma (n=5) 
459 ± 4 Ma (n=13) 
~360-380 Ma (n=3) 
Atula quartzite ~0.52 Ga 
Early to Middle 
Cambrian 
461 ± 7 Ma (n=12) 
Harts Range Meta-
Igneous Complex 
~0.56 Ga 
Early to Middle 
Cambrian 
462 ± 5 Ma (n=12) 
Upper Irindina Gneiss 
504 ± 21 Ma (n=3) 
517 ± 13 Ma (n=4) 
Early to Middle 
Cambrian 
478 ± 15 Ma (n=3) 
Lower Irindina Gneiss ~1.62 Ga Early Cambrian 
462 ± 4 Ma (n=16) 
365 ± 10 Ma (n=3) 
Mt. Bird metapelite ~1.72 Ga Early Cambrian 
1704 ± 9 Ma (interp. 
as inherited) 
Atula calc-silicate ~0.63 Ga (group) 
Late Neoproterozoic to 
Early Cambrian 
- 
Crossing Bore schist ~0.63 Ga 
Late Neoproterozoic to 
Early Cambrian 
~484 Ma (n=1) 
Upper Stanovos Gneiss 
~0.63 Ga (n=3), 
0.8-0.9 Ga. 
Late Neoproterozoic to 
Early Cambrian 
- 
Badens Camp quartzite ~0.86 Ga 
Mid to late 
Neoproterozoic 
461 ± 5 Ma (n=16) 
Jervois quartzite ~0.99 Ga 
Early to mid 
Neoproterozoic 
~470 Ma (n=2) 
Lower Stanovos Gneiss ~1.07 Ga 
Early to mid 
Neoproterozoic 
453 ± 4 Ma (n=16) 
 
Figure 4.35. Summary of U-Pb zircon data from this study for the Harts Range Group. The youngest 
detrital zircon ages are given as approximate ages for single analyses of individual grains and reported 
with 2σ errors (including propagated error on the standard) where multiple analyses of individual grains 
were made. The approximate depositional ages were largely inferred from comparison with detrital zircon 
age signatures of Centralian Superbasin sedimentary rocks. 
 
The detrital age signatures of the Irindina Gneiss and HRMIC, are similar to those of 
Late Cambrian sedimentary rocks in the surrounding basins, but tend to have fewer 0.5-
0.7 Ga ages and larger proportions of Grenvillean and Palaeoproterozoic zircon. The 
relative paucity of 0.5-0.7 Ga ages possibly indicates that these units were deposited 
during the earliest stages of marine incursion in the Middle to early Late Cambrian, a 
period not represented in the detrital zircon study of the Georgina and Amadeus basins 
due to the dominance of carbonates. During this period, the region was part of a broad, 
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shallow marine shelf, which likely received sediment from both central and eastern 
Australian sources. If this correlation is correct, the relatively uniform pelitic nature of 
the Irindina Gneiss suggests that it was deposited in deeper water conditions than 
adjacent sedimentary rocks, implying the presence of a deeper sub-basin between the 
Amadeus and Georgina basins. The geochemistry of the HRMIC is consistent with a rift 
setting (Sivell & Foden, 1985; Sivell, 1988), which possibly commenced during the 
Early to Middle Cambrian with deposition of the lower Irindina Gneiss. The formation 
of this interpreted sub-basin, the Irindina Sub-basin (Buick et al., 2001b), is likely to be 
related to the formation of other sub-basins along the northern margin the Amadeus 
Basin during the Early Cambrian (Shaw, 1991). 
 
4.6 Tectonic implications 
The detrital zircon data indicate that the HRG extends at least ~100 km east of the Harts 
Range. A granite ~5 km southeast of the Atula calc-silicate locality has an age of ~1751 
Ma (Chapter 8) which, along with aeromagnetic data, constrains the boundary of the 
HRG in this area. Aeromagnetic data show the contact is irregular on a regional scale, 
consisting of a number of irregular arcuate magnetic boundaries that possibly represent 
shear zones. A zone of generally low magnetisation which corresponds to the HRG 
extends for at least 250 km to the southeast, suggesting that the HRG underlies the 
Eromanga Basin and possibly grades into unmetamorphosed sedimentary rocks of the 
Warburton Basin. No outcrops of HRG have been identified north of the Delny-Mount 
Sainthill Shear Zone or west of the Florence-Muller Shear Zone (Fig. 1.3), delineating 
the Harts Range Metamorphic Complex as a wedge-shaped block, that owes at least part 
of its current configuration to deformation during the Alice Springs Orogeny. 
 
Although the metamorphic grade and degree of strain decrease eastwards, the ages of 
zircon overgrowths indicate that relatively high-grade metamorphism took place during 
the Early Ordovician across the whole of the exposed HRG, at a similar time to U-Pb 
zircon and monazite ages recorded by others (Hand et al., 1999; Buick et al., 2001a, 
2005). The formation of zircon in high-grade metamorphic rocks that have undergone 
partial melting is expected to take place after the metamorphic peak as partial melts 
crystallise (e.g. Roberts & Finger, 1997). The ~460 Ma metamorphic zircon ages 
obtained from metapelites and metabasites of the HRG are thus likely to reflect a point 
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in the retrograde evolution of the HRMC following peak metamorphism of the 
Larapinta Event. However, the widespread formation of zircon at ~460 Ma in quartzites 
of the HRG is unlikely to have taken place by the same process since the quartzites do 
not appear to have undergone partial melting. The nature of the process by which zircon 
overgrowths formed in the quartzites is not clear, and might be explored more fully 
using trace element analysis of the overgrowths and by determining the nature of any 
mineral inclusions within the metamorphic zircon. Irrespective of the process involved, 
the similarity between the metamorphic zircon ages obtained from the quartzites and 
those obtained from the interlayered anatectic rocks of the HRG indicate that the ~460 
Ma ages date retrograde metamorphism of the Larapinta Event. 
 
Although the bulk of metamorphic zircon appears to have formed during the retrograde 
phase of the Larapinta Event at ~460 Ma, there is evidence that some zircon growth 
took place up to ~20 m.y. earlier. The ages of metamorphic zircon overgrowths from the 
upper Brady Gneiss form a bimodal distribution, with a larger population at 459 ± 4 Ma 
and a secondary population at 479 ± 7 Ma. These age populations are similar to 
populations of 452 ± 6 Ma and 484 ± 13 Ma obtained from the Naringa Gneiss by Buick 
et al. (2005). Two distinct generations of zircon growth have also been observed in 
tonalite derived from partial melting of metabasite near Mount Ruby, which gave ages 
of 457 ± 7 Ma and 483 ± 6 Ma (Chapter 5). Zircon growth at ~480 Ma might thus date 
higher grade metamorphism during the peak of the Larapinta Event. This interpretation 
is supported by metamorphic zircon ages of 478 ± 4 Ma and 471 ± 7 Ma obtained by 
Buick et al. (2001a) from metabasites at Mallee Bore that preserve peak metamorphic 
mineral assemblages. Distinctly lower metamorphic zircon ages of 463 ± 5 and 461 ± 4 
Ma were found by these workers in adjacent metapelites that had been overprinted by a 
composite retrograde fabric. The currently available data thus suggest that peak 
metamorphism took place at ~475-480 Ma, with the HRMC possibly remaining at 
relatively high temperatures until ~460-455 Ma, when partial melts cooled and 
crystallised. 
 
For the Neoproterozoic to Cambrian HRG to be metamorphosed at 10-12 kbar at ~475-
480 Ma, deep burial of the sequence must have occurred during a period previously 
considered to be tectonically quiescent. In the Amadeus and Georgina basins, the 
Cambrian and Early Ordovician is characterised by shallow marine conditions and 
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generally slow rates of sedimentation. The absence of a significant detrital zircon 
basement component in Early Ordovician sediments and the mature nature of 
sedimentation suggest that there was no uplift or mountain building at this time. Instead, 
isopachs of the thickness of Larapinta Group in the Amadeus Basin and equivalents in 
the Georgina Basin suggest that the Harts Range region was a depocentre during the 
Early Ordovician, which is more consistent with an extensional than compressional 
setting (Hand et al., 1999a, b). An extensional setting is also consistent with the 
presence of the widespread shallowly-dipping, layer-parallel fabric developed during 
this period. 
 
If this tectonism took place in an extensional setting, then rapid sediment burial would 
appear to have taken place by progressive sediment loading rather than tectonic loading, 
as envisaged by Hand et al. (1999a,b), Mawby (1999) and Buick et al. (2001b). This 
implies that the depocentre into which the Cambrian sequence of the HRG was 
deposited had a depth of ~30-35 km, given peak metamorphic pressures of 10-12 kbar 
(Miller et al., 1997; Mawby et al., 1999). This is significantly thicker than the 
Neoproterozoic to Ordovician sequence of the Amadeus Basin, which ranges from ~2 
km in platformal areas to ~7 km in the sub-basins along the northern margin of the 
Amadeus Basin (Lindsay & Korsch, 1989, 1991). The early evolution of the Irindina 
Sub-basin is dealt with in greater detail in chapter 5, where new data show that mafic 
magmatism and partial melting of the HRG were an integral part of the formation of the 
sub-basin. 
 
Palaeogeographic reconstructions indicate that the Larapintine Seaway formed a narrow 
NW-trending marine corridor across central Australia that was initiated during the latest 
Cambrian to earliest Ordovician (~495-485 Ma) (Webby, 1978). The seaway was 
developed most fully by the latest Early Ordovician (Darriwilian ~467-459 Ma) after 
which it closed with the onset of convergent deformation associated with the ~450 Ma 
Rodingan Movement. The Larapintine Seaway connected central Australian 
depositional systems with the Canning Basin to the northwest and the Warburton Basin 
to the southeast and coincided with a NW-trending, continental-scale magnetic 
lineament (Fig. 4.36), suggesting that tectonism in the Harts Range was linked with 
basin development to the NW and SE. 
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The Canning Basin was initiated by rifting in the Tremadoc (486-490 Ma), comprising 
several deep, rapidly subsiding northwest-trending half-graben (Romine et al., 1994). 
This rapid subsidence continued until the Llanvirn (463-458 Ma), after which the basin 
began a stage of prolonged, very slow subsidence punctuated by periods of uplift and 
erosion in the Silurian and Devonian (Romine et al., 1994). Peak metamorphism of the 
Larapinta Event was coincident with the formation of the Larapintine Seaway and an 
increase in sedimentation rates in the Centralian Superbasin. The location of this seaway 
appears to reflect the axis of extension, where subsidence rates were greatest and 
coincides with the position of a continental-scale lineament of low magnetisation (Fig. 
4.36). The origin of this magnetic anomaly is uncertain, but in the Harts Range region is 
Figure 4.36. Total magnetic intensity image (reduced to pole) of Australia from Geoscience Australia. 
A continental-scale lineament coincides with the axis of the Larapintine Seaway, which linked the 
depositional systems of central Australia with the Canning Basin (CB) to the NW and the Warburton 
Basin (WB) to the SE. AB: Amadeus Basin; GB: Georgina Basin; ISB: Irindina Sub-basin. 
CB 
GB 
AB 
WB 
ISB 
1000 km 
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caused by demagnetised basement of the Entia Gneiss Complex and the essentially non-
magnetic HRG. It is possible that this lineament represents a continental-scale structure 
that localised extension during the Early Ordovician. If so, its linear form suggests that 
it might have been a strike-slip structure, possibly with an extensional component given 
the presence of rift-related mafic magmatism in the Harts Range. This is consistent with 
shallowly-plunging lineations preserved in the Delny-Mt Sainthill Shear Zone which 
forms the northern boundary of the HRMC (Scrimgeour et al., 2001). 
 
 
 
 
 
 
 
 
The retrograde phase of the Larapinta Event at ~460 Ma took place at the same time that 
rapid extension ceased in the Canning Basin, suggesting that the end of the Larapinta 
Event coincided with a change in the regional stress regime. A Sm-Nd age of 449 ± 10 
Ma from the lower part of the Bruna Detachment Zone is interpreted to date south-
directed thrusting associated with the Rodingan Movement which resulted in a shift to 
syn-orogenic sedimentation in the adjacent basins (Mawby et al., 1999). The age of syn-
orogenic sedimentation, which comprises the Carmichael Sandstone in the Amadeus 
Figure 4.37. Generalised isopachs for the Larapinta Group in the Amadeus Basin (505-450 Ma) and 
equivalents in the Georgina Basin (compiled by Hand et al. (1999b), after Wells et al., 1970; Smith, 
1972; Lindsay & Own, 1993). The isopachs thicken towards the Harts Range area, where 
sedimentation and basaltic volcanism was taking place, implying that the Harts Range Group was 
deposited in a regional depocentre. The inset shows the extent of the Early Ordovician Larapinta 
Seaway which linked central Australian depositional systems with the Canning Basin to the 
northwest. 
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Basin and the Ethabuka Sandstone in the Georgina Basin, is not well-constrained, but is 
interpreted to have taken place during the Caradoc (~459-445 Ma) based on rare fish 
plate fragments (Shergold et al., 1991). It thus seems possible that the ~460 Ma zircon 
overgrowths in the HRG (which date the cooling and crystallisation of partial melt) 
formed as a result of the onset of convergent deformation, which was not expressed 
topographically until a few million years after metamorphism. 
 
The above model allows for the possibility that the HRG was transported across the 
EGC as an essentially intact thrust sheet, with the pervasive retrograde foliation in the 
HRG developed within the lower part of the thrust block. This foliation is most 
intensely developed within the Harts Range, close to the basement/cover contact, and is 
much less intense in the eastern HRMC where the Larapinta Event still took place at 
amphibolite-facies conditions. This observation might indicate that the intense 
retrograde fabric was associated with active tectonism near the Bruna Detachment Zone 
rather than being a pervasive feature associated with the extensional/depositional history 
of the basin. The widespread N-S trending lineation in the Harts Range might thus 
record the direction of thrust movement rather than the direction of extension. Although 
an extensional origin for the late Larapinta Event foliation is still considered most 
likely, a more precise age for deposition of the Carmichael and Ethabuka Sandstones is 
required to better constrain the timing of convergent deformation and its relationship 
with the late Larapinta Event. 
 
If the early Larapinta Event took place in an extensional setting, then burial of the HRG 
to peak metamorphic pressures of 10-12 kbar (~30-35 km) would appear to have taken 
place by sediment loading, implying the formation of an exceptionally deep sub-basin 
between the Amadeus and Georgina basins, the Irindina Sub-basin. If the protoliths to 
the HRMIC and Irindina Gneiss were deposited in the Early to Middle Cambrian (~520-
500 Ma), then the average rate of sedimentation to bury these rocks to 30-35 km by 
~475 Ma would have been ~700-1300 m/million years. This contrasts with much slower 
rates of sedimentation in the Amadeus Basin, where during deposition of the Larapinta 
Group, 2 km of sediment was deposited in ~40 million years (Laurie et al., 1991; 
Nicoll et al., 1991), an average rate of only 50 m/m.y. The lack of coarse clastics within 
the sub-basin might be due to the fact that the rift fill appears to have largely originated 
from a distal source, with sediment transported over long distances to be fed along the 
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rift axis by longshore currents. The fact that the correlatives of the HRG are lower grade 
in the eastern HRMC suggests that if metamorphism took place by sedimentary burial, 
then the Irindina sub-basin was deepest in the west, and shallowed gently to the east. 
 
4.7 Conclusions 
Detrital zircon dating of metasediments of the HRG indicates that it is the high-grade 
metamorphic equivalent of the ~0.85-0.49 Ga sedimentary sequence of the Amadeus 
and Georgina basins. Both high-grade metamorphic and unmetamorphosed sequences 
have similarly-aged sources and show common changes in provenance which implies 
that they shared a similar basin evolution. Certain metasedimentary units have detrital 
age signatures that are similar to units in the adjacent basins, suggesting that they are the 
direct equivalents. Because the age of the sedimentary sequence is relatively well 
constrained, this correlation allows the depositional age of the HRG to be constrained 
more precisely than by detrital zircon data alone. 
 
Zircon overgrowths indicate the HRG was metamorphosed during the Early Ordovician 
Larapinta Event at ~475-460 Ma. Peak metamorphism is interpreted to have taken place 
at ~475 Ma beneath the axis of a shallow seaway, and is likely to have occurred in an 
extensional setting. If this was the case, then peak metamorphic pressures of ~10 kbar 
were likely attained by continued sediment loading within an actively subsiding sub-
basin (the Irindina Sub-basin). Widespread amphibolite-facies metamorphism 
associated with the development of a flat-lying foliation at ~460 Ma took place towards 
the end of the phase of extension. Syn-orogenic sedimentation, which began as early as 
~459 Ma in the adjacent basins, is possibly a result of uplift following the retrograde 
metamorphic event. 
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Chapter 5 
 
Early tectonothermal history of the 
Harts Range Group  
 
 
 
5.1 Summary 
SHRIMP U-Pb zircon dating of felsic intrusives within the Harts Range Group has 
identified an Early Cambrian (~520 Ma) intracratonic tectonothermal event (the 
Stanovos Event) which predated high-grade metamorphism of the Larapinta Event. Two 
felsic gneisses and two relatively unstrained granitoids from the upper Stanovos Gneiss 
have indistinguishable ages of 523 ± 4, 520 ± 4, 520 ± 4 and 521 ± 4 Ma respectively. 
Thermobarometry carried out on one unstrained granite yields conditions of ~800 °C  
and ~9 kbar. Biotite and feldspar mineral inclusions within zircon from the granite have 
similar compositions to those in the matrix, implying that the P-T estimate records the 
conditions under which the granite crystallised. Field relationships and the ages of 
inherited zircon suggest that the ~520 Ma granitoids were derived from the partial 
melting of late Neoproterozoic to Early Cambrian metasediments, implying rapid burial 
during the earliest Cambrian. Palaeogeographic reconstructions indicate that this burial 
took place within a transgressive shallow marine environment, with the Harts Range 
area forming a depocentre (the Irindina sub-basin). Magma mingling textures between 
the granites and mafic rocks indicate that the granites were part of a bimodal igneous 
complex, with advective heat input from mafic magmas possibly playing a role in 
partial melting in the lower levels of the basin. Burial appears to be the result of 
sediment loading within an actively subsiding basin, possibly an intracratonic rift or 
transtensional basin. Continued extension caused further subsidence and high-grade 
metamorphism of the Harts Range Group during the Larapinta Event in the Early 
Ordovician. Tonalitic partial melts in the HRMIC record two phases of zircon growth at 
~483 and ~457 Ma, which are interpreted to date the peak and retrograde phases of the 
Larapinta Event. 
 
 
5.2 Introduction 
Although it is well established that high-grade metamorphism in the Harts Range Group 
took place during the Early Ordovician, the precise timing of peak and retrograde 
metamorphism remains uncertain. Metamorphic zircon yields ages between ~455 and 
~475 Ma, with most clustering at ~460 Ma (Hand et al., 1999a; Buick et al., 2001; 
chapter 4). However, its is difficult to texturally link the metamorphic zircon with 
mineral assemblages in the host rock, meaning that it is uncertain exactly which point of 
the metamorphic path is being dated. A small number of Sm-Nd dates from peak 
metamorphic garnet-bearing assemblages yield relatively imprecise ages of ~475 Ma 
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(Mawby et al., 1999), suggesting that most metamorphic zircon formed during the 
retrograde phase of the Larapinta Event. However, it is important to more precisely 
constrain the timing of tectonothermal events in the Harts Range Metamorphic Complex 
so that the relationship between tectonism and basin formation can be better evaluated. 
 
Numerous granitoids and bodies of quartzofeldspathic gneiss occur within the upper 
Stanovos Gneiss. These granitoids have been overprinted by structures of similar style 
to those that formed in the retrograde Larapinta Event and thus appear to have formed 
during the early stages of tectonism. These granitoids are intimately associated with 
mafic intrusives and together comprise a previously undated meta-igneous complex in 
the lower part of the sequence. It is unclear whether these magmatic rocks are related to 
mafic volcanism of the HRMIC, and thus four felsic intrusives of different character 
Figure 5.1. Locations of samples in this chapter. Base map compiled by Hand et al. (1999b). 
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have been dated to constrain the timing of magmatism and evaluate whether they 
formed during the Larapinta Event or at an earlier time. 
 
Monazite extracted from peak metamorphic garnet has been dated in an attempt to 
constrain the timing of peak metamorphism, with the expectation that the garnet would 
armour the monazite from the effects of later metamorphism. A tonalite within 
metabasite of the HRMIC near Mount Ruby has also been dated to constrain the timing 
of peak and retrograde metamorphism. Tonalites from this area are interpreted to have 
initially been derived from peak metamorphic partial melts and to have evolved and 
crystallised during retrograde metamorphism based on their trace element geochemistry 
(Storkey et al., in prep.). It was hoped that zircon would record evidence of this 
metamorphic history, and allow the ages of metamorphic zircon to be better linked with 
the peak and retrograde phases of metamorphism. 
 
 
5.3 Granitoids in the upper Stanovos Gneiss 
The upper Stanovos Gneiss contains a significant amount of granite and granitic gneiss, 
ranging from relatively thin vein networks to sheet-like bodies with a strike length of at 
Bruna Gneiss 
5 km 
N 
‘Indiana Walls’ 
Mt Karinga 
Indiana HS 
Figure 5.2. Perspective view of the Stanovos Valley in the southeastern Harts Range (1:100 000 scale 
geology draped over digital elevation model). Red and yellow ridge-forming units on either side of the 
valley are megacrystic gneiss and equigranular quartzofeldspathic gneiss respectively. Geology from 
Shaw et al. (1990), digital elevation data from Geoscience Australia. 
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least 10 km. Four textural and compositional types have been recognised, which 
possibly represent different components of the same granitic suite: 1) megacrystic 
biotite-rich gneiss; 2) equigranular quartzofeldspathic gneiss; 3) coarse-grained 
porphyritic granite; and 4) feldspar-rich leucocratic gneiss. 
 
5.3.1 Megacrystic gneiss 
Megacrystic, biotite-rich quartzofeldspathic gneiss typically occurs as sheet-like layers 
that form resistant, ridge-forming units. The most prominent of these occur on either 
side of the Stanovos Valley, and are possibly structural repetitions of the same body. 
The gneiss contains K-feldspar porphyroclasts, interpreted as magmatic phenocrysts, in 
a matrix consisting of biotite, plagioclase, K-feldspar and minor garnet. It superficially 
resembles the Bruna Gneiss, but lacks hornblende and has smaller and less abundant K-
feldspar megacrysts. The megacrystic gneiss, which commonly has broad gradational 
contacts with adjacent migmatitic metasediment, ranges from biotite schist to 
migmatitic biotite gneiss containing occasional K-feldspar megacrysts. The intimate 
association between the granitic gneiss and its migmatitic host rocks suggests that the 
megacrystic gneiss might have been derived from near in-situ partial melting of the host 
rocks. 
 
5.3.2 Equigranular quartzofeldspathic gneiss 
Equigranular granitic orthogneiss occurs in association with megacrystic gneiss near 
Mount Karinga, west of the Stanovos Valley. It is comprised of medium grained quartz, 
plagioclase and K-feldspar with minor biotite and has a strong gneissic fabric. 
 
5.3.3 Coarse-grained porphyritic granite 
Numerous small bodies of coarse-grained granite occur within the upper Stanovos 
Gneiss. These bodies are rarely more than a few metres in size and are typically 
associated with metabasite. The granite consists of K-feldspar phenocrysts in a matrix 
of quartz, plagioclase, K-feldspar, biotite and garnet. The K-feldspar phenocrysts 
commonly have a rim of fine-grained plagioclase, giving the granite a rapakivi texture. 
 
5.3.4 Leucocratic gneiss 
Leucocratic gneiss is less abundant than the other granitoid types, occurring as 
relatively small bodies up to ~50 m in size west of Mount Karinga. The leucogneiss 
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consists mostly of plagioclase and K-feldspar with lesser amounts of quartz and biotite. 
It is hosted by migmatitic metapelite, with the contact between the two commonly being 
gradational over a distance of a few metres. 
 
5.3.5 Relationship between mafic and felsic magmatism 
The upper Stanovos Gneiss contains a significant proportion of metabasite, which often 
occurs as large boudins that contain relict igneous textures. In some areas, the original 
contacts between the mafic and felsic rocks are preserved and show intermingling 
relationships indicating that the two magma types were emplaced at a similar time. 
 
These relationships are well-exposed in the western Stanovos Valley in the area of 
Mount Karinga, where a large felsic and mafic meta-igneous complex occurs over an 
area of ~10x3 km (Fig. 5.2). In this area, amphibolite and metagabbro occur as dyke 
like bodies within equigranular quartzofeldspathic gneiss, implying that the mafic 
magmas were emplaced after the granitoids (Fig. 5.4A). Some of these amphibolites are 
surrounded and intruded by thin felsic veins and segregations that might represent 
backveining, a result of the temperature of the mafic magma being considerably higher 
than the melting point of the quartzofeldspathic host. Other mafic bodies have a highly 
irregular intrusive contact with granitic gneiss, forming stringers and veinlets in the host 
rock (Fig. 5.4B,C,D). These metadolerites contain numerous inclusions of coarse-
grained feldspar and quartz that appear to reflect assimilation of the granitic host, in 
places comprising a significant volume of the mafic rock (Fig. 5.5A). The irregular 
contacts and the apparent ease by which the granitic rocks were assimilated into the 
mafic rocks imply that the latter were emplaced while the host granitoid was still at a 
relatively high temperature. This is supported by a lack of obvious chilled margins in 
the mafic dykes and the common backveining of the granitoids. The local development 
of hybridised igneous rocks consisting of hornblende, K-feldspar, quartz and 
plagioclase suggests that the granitoids might have been partially molten during the 
intrusion of the mafic magmas (Fig. 5.5B). Rapakivi textures observed in coarse-
grained granite from this locality are consistent with this interpretation. Some of these 
granites have intrusive contacts with the metabasite (Fig. 5.5D), implying that multiple 
pulses of mafic and felsic magmatism took place over an extended period of time. 
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Figure 5.3. (A) ‘Indiana Walls’. Prominent ridge of megacrystic gneiss along the eastern side of the 
Stanovos Valley. (B) Megacrystic gneiss forms the massive, resistant unit along the top of the ridge. 
(C) Biotite-rich megacrystic gneiss of the Indiana Walls granite. (D) Sheath-like folds in leucocratic 
layers within the Indiana Walls granite. 
A
 
C
 
B
 
D
 
Chapter 5                                                                                                                 Early history of the HRG 
 157 
A
 
C
 
B
 
D
 
D
 
C
 
Figure 5.4.  Relationships between mafic and felsic magmas near Mount Karinga. (A) Thin mafic 
dykes intruding equigranular quartzofeldspathic gneiss; (B) Irregular mafic dyke intruding 
phenocrystic granitoid; (C) Close-up of dyke margin showing assimilation of feldspar and quartz into 
the dyke; (D) Close-up of dyke margin showing mafic dyke veinlets, cuspate margins and 
assimilation suggesting that the granitoid was at high temperature during emplacement of the dyke. 
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Figure 5.5. Felsic/mafic relationships near Mount Karinga (A) Abundant, uniformly distributed quartz 
and feldspar within mafic intrusive, interpreted to be the result of assimilation; (B) Hybridised 
mafic/felsic rock near the mafic dyke in Fig. 5.4b. (C) Rapakivi texture in coarse-grained granite; (D) 
Coarse-grained granite intruding metabasite, with alteration of metabasite along the contact margin 
(arrow). 
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The age of the bimodal magmatism in the upper Stanovos Gneiss has not been 
previously determined, but the magmatism must post-date the late Neoproterozoic to 
Early Cambrian deposition of the sedimentary protoliths of the gneiss (Chapter 4). 
Biotite-rich megacrystic gneiss in the Stanovos Valley has a strong layer-parallel 
foliation that contains small-scale intrafolial folds with fold axes parallel to a weakly 
defined mineral lineation. These structures are similar to those of the retrograde phase 
of the Larapinta Event, suggesting that the magmatism took place between ~540 and 
~460 Ma. Four granitoids have been dated to determine whether this magmatism took 
place during peak metamorphism of the early Larapinta Event or at an earlier stage. 
 
5.4 SHRIMP U-Pb dating of felsic magmatism 
5.4.1 Indiana Walls granite (sample 2001080170) 
A prominent body of megacrystic quartzofeldspathic gneiss, informally referred to here 
as the Indiana Walls granite, occurs along the eastern side of the Stanovos Valley, ~10 
km northwest of Indiana Homestead (Figs. 5.1, 5.2). The gneiss forms a relatively 
homogeneous ENE-dipping sheet-like body up to ~100 m thick and at least 10 km long, 
consisting of K-feldspar megacrysts in a foliated biotite-rich matrix of quartz, 
plagioclase and K-feldspar with accessory apatite, allanite and zircon. Numerous layer-
parallel to weakly discordant leucocratic layers ranging from a few cm to 0.5 m in 
thickness occur within the gneiss, and are folded about mesoscale, tight to isoclinal 
folds with axial planes parallel to the gneissosity and fold axes parallel to a relatively 
weakly-defined lineation. In places these have a sheath-like form (Fig. 5.3D). The bulk 
of shear sense indicators, including - and -porphyroclasts, indicate that the strong 
foliation was associated with top to the ENE transport (extensional in current 
orientation). These structures are similar in style to Larapinta-age structures elsewhere 
in the HRG and possibly formed during the same event. The presence of megacrysts 
(interpreted to be relict phenocrysts) and compositional homogeneity suggest that the 
protolith was a granitoid rather than a volcanic unit. 
 
The lower margin of the megacrystic gneiss is relatively sharp, overlying marble, calc-
silicate rocks and quartzite of the Stanovos Gneiss. The upper margin is relatively 
indistinct and grades into biotite-rich metapelitic gneiss of the upper Stanovos Gneiss. 
The gradational character of the upper contact possibly indicates that the granite was a 
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near in situ pooling of partial melt from the surrounding metapelite. This interpretation 
is supported by observations elsewhere in the upper Stanovos Gneiss, which show a 
range of degrees of partial melting, from biotite schist through migmatitic biotite gneiss 
with rare megacrysts, to megacrystic quartzofeldspathic gneiss (Fig. 1.17A). Similar 
megacrystic gneiss on the western side of the Stanovos Valley also overlies the 
Stanovos Gneiss, is overlain by the Indiana Gneiss and is possibly a structural repetition 
of the Indiana Walls granite. 
 
The Indiana Walls granite was sampled towards its southern end, adjacent to a track 
along the eastern side of the Stanovos Valley (Fig. 5.1; GR 540619 7423770). A 
geochemical analysis of this sample is listed in Appendix 3. The granite has high K/Na, 
low Ca and is peraluminous (Al/(Na + K + Ca) = 1.11), i.e. an S-type composition 
(Chappell & White, 1992). Zircon from the gneiss is anhedral to euhedral, ranging from 
equant rounded grains to thin needles up to 300 µm long with aspect ratios of ~5. Many 
grains contain mineral inclusions and most of the irregularly-shaped grains contain 
cores, while the needle-like crystals are core-free. In CL imagery the cores have a range 
of intensities and zoning patterns and are surrounded by oscillatory zoned zircon similar 
to that which comprises the euhedral grains and needles. Most grains have a thin, dark 
overgrowth 5-10 µm thick which often forms irregular embayments and patches in the 
older zircon (Fig. 5.6). In grains where these embayments are most pronounced, the 
internal zoning in the remnant core is typically highly irregular and convolute, and 
appears to be a result of partial recrystallisation. A small proportion of grains have an 
unusual platy form with a hexagonal cross-section when sectioned for analysis, 
orthogonal to the c-axis (Fig. 5.6B). These grains commonly have a twofold symmetry 
in CL imagery, with the axis of symmetry marked by a dark line. In some grains this 
axis of symmetry is visible in transmitted light microscopy, and possibly represents a 
twinning plane. 
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Thirty-one analyses of oscillatory- and convolutely-zoned zircon and 6 analyses of 
zircon cores are listed in Table 5.1 and plotted in Fig. 5.7. The zircon overgrowths were 
too thin to be analysed. Approximately equal numbers of oscillatory- and convolutely-
zoned zircon were analysed to evaluate the effects of the apparent recrystallisation. The 
oscillatory-zoned zircon generally has a moderate U content, ranging from 94-1221 
ppm, averaging ~300-400 ppm, and Th/U of 0.09-1.34, with a typical value of 0.9-1.2. 
Fifteen analyses of oscillatory-zoned zircon form a concordant group with equal 
206
Pb/
238
U within error, yielding a weighted mean age of 522.9 ± 4.1 Ma (MSWD = 
1.3), interpreted as the crystallisation age of the protolith granite. The granite is 
A 
B 
Figure 5.6. CL images of zircon from the Indiana Walls granite. (A) Representative population of 
grains, ranging from equant to elongate, showing oscillatory to convolute or patchy zoning. Grain in 
top left contains older core. (B) Unusual zircon crystal (at right), with hexagonal section and twofold 
symmetry. 
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approximately 45 million years older than metamorphism of the Larapinta Event and 
represents a previously unrecognised magmatic event in central Australia. 
 
The convolutely-zoned zircon has a similar U content to the oscillatory-zoned zircon, 
ranging between 168-1975 ppm, and a relatively wide range in Th/U (0.15-2.97). The 
16 analyses form a variably discordant array, with a wide range of 
206
Pb/
238
U and no 
obvious clustering of ages that might indicate the time of recrystallisation. The 
discordance and spread of 
206
Pb/
238
U is interpreted to reflect variable Pb loss, suggesting 
that rather than ‘healing’ the crystal structure, recrystallisation caused damage, making 
these grains susceptible to Pb loss. There is no systematic correspondence between 
206
Pb/
238
U and Th/U, however some of the most discordant analyses have Th/U of 1.25-
3.50, higher than most of the undisturbed zircon. 
 
 
 
 
 
Figure 5.7. Tera-Wasserburg concordia plot of zircon U-Pb data from the Indiana Walls granite. 
Dark ellipses are cores, medium grey are oscillatory-zoned grains and light grey are convolutely-
zoned grains. 
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Figure 5.8. Tera-Wasserburg concordia plot of oscillatory and convolutely-zoned zircon from the 
Indiana Walls Granite. 
Figure 5.9. Tera-Wasserburg concordia plot of oscillatory-zoned zircon from the Indiana Walls 
granite. 
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The 6 zircon cores have low U contents (12-228 ppm) and Th/U ranging between 0.51 
and 3.47. Four concordant to near concordant cores have ages between ~0.95 and ~1.11 
Ga, with one moderately discordant analysis at ~1.62 Ga and a single grossly discordant 
analysis with a 
207
Pb/
206
Pb age of ~1.3 Ga. The ages of these inherited grains indicate 
that the source of the granite was the Neoproterozoic to Cambrian sediments of the 
Harts Range Group rather than Palaeoproterozoic basement of the Entia Gneiss 
Complex. The upper Stanovos Gneiss that hosts the granite has a detrital zircon 
signature dominated by ages between ~1.0-1.2 Ga, with a scattering of higher ages and 
a few ages down to ~0.63 Ga (Chapter 4). Although only a few inherited grains were 
analysed, the presence of ~0.95-1.11 Ga cores in the granite is consistent with the 
interpretation based on field relationships that the Indiana Walls granite was derived 
from partial melting of the upper Stanovos Gneiss. 
 
5.4.2 Garnet-bearing coarse-grained granite, ‘Dinki Di granite’ (sample 
2002080031) 
A small granitic body, informally referred to here as the Dinki Di granite, occurs within 
a low-strain boudin in migmatitic biotite gneiss and amphibolite of the upper Stanovos 
Gneiss, ~4 km ESE of Indiana Homestead (Fig. 5.15A; GR 546517 7415340). The 
granite is essentially undeformed in the centre of the boudin, which is ~15x10 m in size, 
and is progressively more deformed towards its margin, where it occurs as thin sheets 
interlayered with amphibolite. It consists of coarse-grained K-feldspar phenocrysts in a 
finer-grained matrix of K-feldspar, plagioclase, garnet, quartz, biotite and ilmenite (Fig. 
5.15B). 
 
Zircon from the granite consists of subhedral to euhedral, stubby to needle-like 
prismatic grains up to 400 µm long containing relatively large inclusions of biotite, 
quartz, plagioclase and K-feldspar. A few grains have an unusual hexagonal platy form, 
similar to that observed in zircon from the Indiana Walls granite. CL imagery shows 
that most zircon has oscillatory zoning typical of felsic magmatic rocks, with some 
grains containing cores that have a range of zoning patterns and intensities. A few 
grains have possible dark overgrowths a few micrometers thick, but in general there 
appears to be little evidence of metamorphic zircon overgrowths, as might be expected 
given the lack of metamorphic recrystallisation in the host granite. Despite the lack of 
recrystallisation in the granite, a significant number of zircon grains show evidence of 
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internal recrystallisation, with oscillatory zoned zircon overprinted by areas of 
discordant broad zoning or convolute zoning (Fig. 5.10). 
 
 
 
Analyses of 17 grains are listed in Table 5.2 and plotted in Fig. 5.11. Areas of convolute 
zoning were avoided where possible to reduce the chances of analysing zircon which 
might have undergone Pb loss or isotopic resetting. The zircon has a moderate U 
concentration (158-562 ppm), Th/U of 0.45-1.55 and forms a concordant group at ~0.52 
Figure 5.10. CL images of zircon from garnet-bearing granite south of Indiana Homestead. Many 
grains are convolutely zoned, which appears to reflect recrystallisation of the primary oscillatory 
zoning. The zircon contains numerous inclusions of quartz, biotite, plagioclase and K-feldspar. 
Hexagonal grains with symmetrical internal texture (arrow) are similar to those seen in the Indiana 
Walls granite. 
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Ga. One grain with irregular zoning and lower 
206
Pb/
238
U is considered to have 
undergone a small amount of Pb loss. Omitting this analysis leaves a group of 16 
analyses with equal 
206
Pb/
238
U within error, giving a weighted mean age of 519.6 ± 4.1 
Ma (MSWD = 1.22), interpreted as the crystallisation age of the granite. 
 
 
 
 
 
 
5.4.3 Leucogneiss, Rockhole Bore (sample 2002080201) 
A relatively small body of leucocratic quartzofeldspathic gneiss ~20 m wide and ~50 m 
long occurs ~2 km NE of Rockhole Bore (GR 534253 7418398). The gneiss is one of 
several of discrete bodies that consist of K-feldspar, quartz and biotite, with a gneissic 
layering deformed by upright, NW-trending tight to isoclinal folds interpreted to have 
formed during the Alice Springs Orogeny (Fig. 5.15C). The folding has a weakly 
developed axial plane fabric defined by oriented biotite. The host rocks to the 
leucogneiss consist of garnet-poor migmatitic metasediments and boudinaged 
amphibolite layers that appear similar to those of the upper Stanovos Gneiss to the east, 
though this area has been assigned to the Irindina Gneiss in regional mapping (Fig. 
5.15D; Shaw et al., 1990). Although variable, the degree of partial melting in the 
Figure 5.11. Tera-Wasserburg concordia plot of U-Pb zircon data from the Dinki Di granite. 
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surrounding metasediments is commonly higher near the margin of the leucogneisses, 
which possibly represent near in situ pooling of partial melts from the country rock. 
 
Zircon from the leucogneiss typically consists of stubby subhedral to euhedral grains up 
to 300 µm long containing abundant inclusions, many of which are unidentified needle-
like crystals. In CL imagery, most of the zircon consists of concentric or oscillatory 
zoned zircon with a few grains containing irregular cores. Many grains have an irregular 
dark, textureless overgrowth up to ~30 µm thick which forms highly irregular 
embayments and patches in the regularly-zoned zircon (Fig. 5.12). These patches are 
surrounded by areas of convolute or textureless zoning which appear to have undergone 
recrystallisation similar to that observed in the Indiana Walls granite. 
 
 
Twenty-three analyses of oscillatory zoned zircon cores and 9 analyses of the darker 
overgrowths are listed in Table 5.3 and plotted in Figs. 5.13 and 5.14. Areas of 
convolute zoning in the cores were avoided in favour of regularly crystallised zircon. 
The oscillatory-zoned zircon has moderate to high U (227-1342 ppm) and Th/U ranging 
between 0.86-1.91. The analyses form a concordant group with equal 
206
Pb/
238
U within 
Figure 5.12. CL images of zircon from leucocratic gneiss near Rockhole Bore. Most grains 
consist of oscillatory or broadly zoned zircon with irregular dark overgrowths that form 
embayments in the cores. ‘Bleached’ zones surrounding these embayments possibly represent 
recrystallised zircon (arrow). 
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error, which yields a concordia age of 519.7 ± 3.6 Ma (MSWD = 1.56). The darker 
overgrowths have much higher U contents than the cores (1402-2180 ppm) and low 
Th/U (0.02-0.05), consistent with a metamorphic origin. The analyses form a group at 
~470 Ma, with a range in 
206
Pb/
238
U beyond analytical uncertainty. One analysis (28.1) 
is significantly discordant and is interpreted to have suffered Pb loss. Two other near-
concordant analyses (12.1, 26.1), with the highest U contents and lower 
206
Pb/
238
U are 
also interpreted to have undergone slight Pb loss. The remaining 6 analyses have equal 
206
Pb/
238
U within error and yield a weighted mean age of 469.5 ± 4.7 Ma (MSWD = 
2.01), which is interpreted as the timing of high-grade metamorphism of the granite. 
 
 
 
 
 
 
 
 
 
 
Figure 5.13. Tera-Wasserburg concordia plot of zircon U-Pb data from leucocratic gneiss near 
Rockhole Bore. 
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5.4.4 Granite in metabasite, ‘Tourist hills’ (sample 2001080066) 
A network of granite veins intrudes metabasite in the ‘tourist hills’ area, ~4 km south of 
Indiana Homestead (GR 545057 7415877). The veins are preserved within a metabasite 
boudin ~10 m in diameter, one of many in this area (Fig. 5.16A,B,C). Metabasite in the 
centre of these boudins is relatively fine-grained, occasionally with a weak foliation and 
on a microscopic scale preserves relict igneous textures consisting of clinopyroxene and 
interlocking plagioclase laths (Fig. 5.16D). The clinopyroxene is mantled by brown 
hornblende, reflecting partial metamorphic recrystallisation at amphibolite-facies 
conditions. Metabasite at the margins of the boudins is pervasively recrystallised within 
the enveloping foliation, and has a coarser-grained, granoblastic texture similar to that 
of the HRMIC higher in the sequence. The granite veins form an anastomosing network 
within the metabasite, consisting of K-feldspar, plagioclase, biotite and quartz with a 
weak foliation. A relatively thick granite vein was sampled to date the timing of its 
emplacement and provide a maximum age for the metabasite host. 
Figure 5.14. Tera-Wasserburg plot of zircon cores from leucogneiss near Rockhole Bore. 
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Figure 5.15. (A) Dinki Di granite sample locality, showing the outline of the boudin that hosts the 
granite; (B) Weathered surface of Dinki Di granite showing abundant microcline phenocrysts; (C) 
Leucocratic quartzofeldspathic gneiss 2 km NE of Rockhole Bore; (D) Tightly folded migmatitic 
metapelite that hosts the leucocratic gneiss. The metapelite has a gradational contact with the 
leucogneiss, which possibly formed by partial melting of the metapelite. 
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Figure 5.16. (A) Granite veins within  metabasite boudin, 4 km S of Indiana homestead; (B) Close-up of 
regular, unstrained granite veins; (C) Progressively more deformed granite veins near margin of boudin; 
(D) Photomicrograph of metabasite in boudin, showing relict magmatic texture, with metamorphic 
hornblende mantling igneous clinopyroxene (cross polars). 
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Abundant euhedral to subhedral zircon up to 300 µm in size was recovered from the 
granite. The zircon consists of equant to elongate prisms, with aspect ratios ranging 
from ~1-4 and contains a small proportion of ‘hexagonal’ tabular grains, similar to those 
observed in the Indiana Walls and Dinki Di granites. In CL imagery most grains consist 
of concentric and oscillatory zoned zircon and a few contain cores (Fig. 5.17). Some 
grains have irregular, textureless moderate-intensity overgrowths that fill embayments 
in oscillatory zoned zircon and are associated with areas of convolute zoning similar to 
those observed in zircon from other felsic intrusives in the upper Stanovos Gneiss. 
 
Analyses of 20 oscillatory-zoned zircon grains and one irregular overgrowth are listed 
in Table 5.4 and plotted in Fig. 5.18. The oscillatory-zoned grains have moderate to 
high U (114-1200 ppm), Th/U of 0.32-1.31 and form a concordant to cluster at ~0.52 
Ga. Five analyses with a range of lower 
206
U/
238
U (7.1, 9.1, 16.1, 17.2, 20.1) are 
interpreted to have undergone variable Pb loss or recrystallisation. Omitting these 
analyses leaves a group of 15 grains with equal 
206
Pb/
238
U within error yielding an age 
of 520.5 ± 3.7 Ma (MSWD = 1.63). Most of the overgrowths were too thin to analyse, 
however a single analysis of a thicker embayment has a moderate U content (254 ppm), 
Th/U of 0.37 and yields a discordant 
206
Pb/
238
U age of ~417 Ma. 
 
Figure 5.17. CL image of zircon from granite vein in metabasite, ~4 km south of Indiana. 
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The age of the granite veins indicates that the host metabasite was emplaced before 521 
± 4 Ma and after ~545 Ma, the approximate depositional age of the protoliths to the 
upper Stanovos Gneiss. The metabasite is thus possibly part of the HRMIC, which has a 
similar age based on detrital zircon data from volcaniclastics (Buick et al., 2001; 
Chapter 4). Magma mingling textures between metabasite and other granitoids of the 
~520 Ma suite indicate that pulses of mafic magmatism also occurred at ~520 Ma, 
suggesting that magmatism took place over an extended period of time. It is thus 
possible that the metabasites within the upper Stanovos Gneiss were the intrusive 
equivalents of the numerous mafic volcanic units recognised at higher structural levels. 
 
 
 
 
 
5.5 Granite thermobarometry 
Mineral compositions from the garnet-bearing Dinki Di granite were analysed in an 
attempt to derive an estimate of the pressure and temperature under which the granite 
crystallised. The lack of strain or recrystallisation within the granite suggests that it is 
possible that the mineral compositions might be largely unaffected by later 
metamorphism, however the relatively high-temperature conditions recorded during the 
Figure 5.18. Tera-Wasserburg concordia plot of zircon U-Pb data from granite in metabasite, 
Tourist Hills. Light grey analysis is of a zircon overgrowth. Unfilled ellipses are analyses excluded 
from the age calculation. 
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Larapinta Event in the Harts Range (~800 °C) require that the effects of later 
metamorphism be evaluated. To determine whether the mineral compositions in the 
granite had undergone significant re-equilibration, mineral inclusions within zircon 
were also analysed. It was expected that mineral inclusions incorporated within the 
zircon during crystallisation would preserve their compositions through later 
metamorphism, since they are effectively armoured from cation exchange with minerals 
in the matrix due to the extremely slow rates of diffusion in zircon (Cherniak & Watson, 
2003). If re-equilibration of the matrix minerals had taken place, then it is likely that 
there would be a significant difference between the compositions of minerals in the 
matrix and those in the zircon. 
 
In thin section, the granite consists of coarse-grained feldspathic domains with finer-
grained interstitial melanocratic patches of garnet, biotite, quartz, plagioclase, K-
feldspar and ilmenite. The coarse-grained areas consist of perthitic K-feldspar and 
plagioclase with inclusions of finer-grained quartz and biotite. Garnet in the 
melanocratic patches is subhedral containing numerous inclusions of quartz, ilmenite 
and biotite (Fig. 5.19). 
 
The garnet in the Dinki Di granite is absent in the strained margins of the body where it 
is reworked by the flat-lying foliation that developed during the Larapinta Event. This 
relationship has also been observed in variably reworked granites west of Stanovos 
Creek, where garnet is developed along the preserved intrusive contacts between 
metabasite and granite (M. Hand, pers. comm.). Garnet is characteristically absent from 
the Stanovos Gneiss host rocks, which have been pervasively reworked during the 
Figure 5.19. Photomicrograph of the Dinki Di granite in (A) Plane polarised light, and (B) X- polars. 
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Larapinta Event, implying that the garnet pre-dates at least the last stages of tectonism, 
and possibly formed during crystallisation of the granite. 
 
Mineral inclusions in zircon from the granite consist of quartz, K-feldspar, plagioclase 
and biotite, ranging up to ~60 µm long. Some of these are composite inclusions, 
consisting of two or three minerals. A few of the inclusions are in contact with minerals 
in the matrix, however many appear to be completely enclosed within zircon (Fig. 5.10). 
Although complete isolation of the analysed inclusions cannot be demonstrated with 
certainty because the zircon crystals have been sectioned in half for SHRIMP analysis, 
the presence of other inclusions completely enclosed in remnant zircon, and a general 
lack of fracturing in the zircon suggests that most inclusions were indeed isolated.  
 
5.5.1 Mineral chemistry 
5.5.1.1 Matrix 
Representative mineral compositions are listed in Appendix 2. Garnet in the matrix is 
almandine-rich, with a typical core composition of Alm65Gro15-20Py15Spe3 and is only 
weakly zoned, with rims that have slightly higher Ca and Fe, and lower Mg and Mn 
contents. Plagioclase is albite-rich (Ab62An37), while K-feldspar has an albite content of 
Ab10. Biotite has a Mg number (Mg/Mg+Fe) of ~0.44-0.46, relatively high TiO2 of 4.8-
5.6 wt% (Fig. 5.19) and a Cl content of ~0.6 wt%. Ilmenite contains about 0.3-0.4 wt% 
MnO and 0.3-0.55 wt% MgO. 
 
5.5.1.2 Mineral inclusions in zircon 
The compositions of the mineral inclusions in zircon are generally similar to those in 
the matrix of the granite. Biotite has a slightly lower Mg number (~0.39-0.44) and TiO2 
content (4.3-5.4 wt%), with similar Cl contents of ~0.3-1.1 wt % (Fig. 5.19). 
Plagioclase is albite-rich (Ab60An39) and K-feldspar has an albite content of Ab11-13. 
 
5.5.2 Thermometry 
A temperature estimate was calculated using the garnet-biotite geothermometer of 
Indares & Martignole (1985), which takes into account the high TiO2 content of the 
biotite. Analyses of garnet and biotite pairs that were in direct contact yield 
temperatures between ~730-780 °C. Garnet displays a small decrease in Mg and an 
increase in Fe from core to rim, suggesting that the garnet and likely also biotite 
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compositions were slightly affected during retrograde equilibration. Using the garnet 
core composition, calculated temperatures are ~800 °C. Even higher temperatures of 
~850 °C are indicated if the composition of garnet core is combined with the 
composition of biotite included in zircon. Because the biotite inclusions were isolated 
from the matrix, they were unable to re-equilibrate during retrograde metamorphism and 
are thus more likely to preserve their crystallisation compositions.  
 
 
 
 
 
 
5.5.3 Barometry 
Pressure is more difficult to estimate precisely due to the lack of a complete paragenesis 
that allows application of classical barometers such as garnet-aluminosilicate-quartz-
plagioclase (GASP) or garnet-rutile-ilmenite-plagioclase-quartz (GRIPS). The relatively 
high Ca content of the garnet and the intermediate plagioclase composition suggest that 
the observed paragenesis formed at high pressures. In the given paragenesis there are 
two fluid-absent equilibria involving garnet-plagioclase-biotite and quartz: 
 
1)  3east(biotite) + 2gr(garnet) + py(garnet) + 6q = 3phl(biotite) + 6an(plagioclase) 
2) 3east  + 2gr + alm(garnet)  + 6q = 2phl(biotite)  + ann(biotite)  + 6an 
 
Figure 5.20. Ti content plotted against magnesium number (Mg/Mg+Fe) for biotite in the Dinki Di 
granite. 
Chapter 5                                                                                                                 Early history of the HRG 
 177 
east: eastonite; gr: grossular; py: pyrope; q: quartz; phl: phlogopite; an: anorthite; alm: 
almandine; ann: annite. 
 
Fluid-absent equilibria were used because the H2O activity is very difficult to constrain 
in such high temperature rocks where melt was present. Additionally, fluid-absent 
equilibria are generally more pressure sensitive and less temperature sensitive than 
fluid-present equilibria. Pressure was calculated using the average P-T approach of 
Powell & Holland (1994) in the software package Thermocalc v3.1 using the 1999 
updated internally consistent data-set of Holland & Powell (1998). Using the ~800-850 
°C temperature range calculated previously, a pressure of ~8.5-10.0 kbar is indicated for 
an assemblage incorporating the lower Ca garnet core, and ~9-11 kbar for the slightly 
higher Ca rims. An upper pressure limit can be determined because ilmenite is stable 
instead of rutile, which is stable at higher pressures. For the given compositions of 
garnet and plagioclase, calculation of the GRIPS equilibrium indicates that rutile should 
be present above 10 kbar at a temperature of 800°C. Therefore, the best estimation of 
pressure is 9±1 kbar. 
 
5.5.4 Correlation of age to pressure-temperature estimations 
The P-T estimates obtained are similar to those recorded for the Larapinta Event (Miller 
et al., 1997; Mawby et al., 1999), raising the possibility that the compositions reflect 
later resetting. However, the similarity between the composition of minerals in the 
matrix and those included within zircon suggests that the pressure and temperature 
estimates derived from the matrix minerals approximate the conditions under which 
zircon crystallised at 520  4 Ma. Without further evidence to demonstrate that garnet 
was in equilibrium with zircon, the thermobarometric data must treated with some 
caution. Trace element data for the zircon might resolve whether garnet and zircon 
crystallised coevally, as would identifying micro-inclusions of garnet within zircon 
grains. Sm-Nd dating of the garnet might also determine whether the garnet formed at 
~520 Ma or ~460-480 Ma. Irrespective of the exact depth that crystallisation took place, 
the available data imply that relatively deep burial and partial melting of latest 
Neoproterozoic to Early Cambrian sedimentary rocks took place some 20-30 million 
years after their deposition. 
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5.6 SHRIMP U-Pb dating of Larapinta Event tectonism 
5.6.1 Mount Ruby tonalite (sample 2002080090) 
Small bodies of tonalite occur within metabasite near Mount Ruby in the southern Harts 
Range (Fig. 5.21). The metabasite hosting the tonalite preserves the highest grade 
metamorphic mineral assemblages in the Harts Range Metamorphic Complex, 
interpreted to have formed by the reaction: hornblende + plagioclase + quartz + H2O = 
garnet + tonalitic melt ± clinopyroxene (Mawby et al., 1999; Hand et al., 1999b). 
Storkey et al. (in prep.) found that the trace element composition of these tonalites is 
different from that expected of a peak metamorphic melt given the mineralogy of 
restitic segregations in the metabasite, and considered that the tonalites evolved from 
peak metamorphic partial melts under retrograde conditions. A tonalitic layer ~2 km 
east of Mount Ruby (GR 506682 7414896) has been dated to look for evidence of 
zircon formation during both the original generation of melt during peak metamorphism 
and/or later crystallisation. 
 
 
Figure 5.21. Tonalite in metabasite near Mount Ruby (GR 507715 7415059). 
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Figure 5.22. CL images of zircon from tonalite near Mount Ruby. The earliest generation of zircon 
growth is bright, with low-U and is overgrown by a later generation of dark, moderate-U zircon. A 
few of the low-U grains contain older, dark cores that were not dated. Darker elliptical spots are 
analysis craters. 
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Zircon from the tonalite consists of relatively large, prismatic to multifaceted, 
colourless, transparent crystals up to 400 µm in size, with aspect ratios of ~2-4. CL 
imagery reveals that most grains consist of a rounded or irregular bright core 
surrounded by a thick overgrowth of generally moderate intensity (Fig. 5.22). Both the 
cores and overgrowths are typically concentrically- or sector-zoned. The uniform 
appearance of the cores in CL imagery suggests that they comprise a distinct generation 
of zircon growth, rather than being remnant detrital grains. Their typically smooth 
rounded shape might thus be due to resorption or recrystallisation. A few bright cores in 
turn contain relatively dark cores, which are possibly inherited zircon grains. 
 
Analyses of 14 cores and 18 overgrowths are listed in Table 5.5 and plotted in Fig. 5.23. 
The cores generally have low U contents, typically ~60-100 ppm, with a few with 
slightly higher U content, including one core with 784 ppm. Counting times on the Pb 
and U peaks were increased for most of these low-U grains to improve the counting 
statistics and reduce the analytical uncertainty. Th/U ranges between 0.13-0.70, with 
most between 0.35 and 0.70. 
 
 
 
 
 
Figure 5.23. Tera-Wasserburg concordia plot of zircon U-Pb data from tonalite near Mount Ruby. 
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The core analyses yield 
206
U/
238
U ages between ~403-495 Ma, with a spread far beyond 
that expected from analytical uncertainty alone. A few analyses are reversely 
discordant, reflecting the difficulty of correcting the very low radiogenic Pb contents for 
common Pb. The 
207
Pb corrected 
206
Pb/
238
U is not subject to this uncertainty and is 
considered to accurately reflect the Pb/U isotopic composition. The oldest 7 analyses 
form a group with equal 
206
Pb/
238
U within error, yielding a weighted mean age of 483.4 
± 6.1 Ma (MSWD = 1.00). The younger analyses have a range of lower 
206
Pb/
238
U, 
presumably due to variable Pb loss during and/or after the event which formed the 
overgrowths. Four of these analyses form a cluster with equal 
206
Pb/
238
U within error, 
yielding a weighted mean of 459 ± 8 Ma (MSWD = 0.2). The grouping of these 
analyses is possibly coincidental, but the age is indistinguishable from that of the 
overgrowths (see below), which might indicate that recrystallisation and isotopic 
resetting took place at this time, consistent with the resorbed appearance of the cores in 
CL imagery. Further detailed study of the zircon cores is necessary to more robustly 
discriminate this potential bimodal age distribution. 
 
The zircon overgrowths have variable, but generally higher U contents than the cores 
(125-1481 ppm, typically ~200-300 ppm) and similar Th/U (0.10-0.69, typically ~0.4-
0.6). The analyses form a cluster at ~0.46 Ga, with four analyses (8.2, 4.2, 13.2, 16.1) 
having significantly lower 
206
Pb/
238
U, which are interpreted to have undergone variable 
Pb loss. Omitting these analyses leaves a group of 14 analyses with a weighted mean 
206
Pb/
238
U age of 458.2 ± 4.0 Ma (MSWD = 1.03). 
 
The ages of the cores and overgrowths appear to reflect two phases of zircon growth at 
~483 and ~458 Ma. The higher age is similar to a 475 ± 14 Ma Sm-Nd age for a peak 
metamorphic garnet-bearing assemblage in this area (Mawby et al., 1999), and is 
interpreted to reflect the formation of zircon during partial melting under peak 
metamorphic conditions. The 458 ± 4 Ma age is within error of widespread zircon 
overgrowths in the HRG at ~460 Ma (Chapter 4; Buick et al., 2001), and appears to date 
the crystallisation of the fractionated melt under retrograde conditions as described by 
Storkey et al. (in prep.). 
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5.6.2 Monazite in peak metamorphic garnet (sample 2002080109) 
Peak metamorphic mineral assemblages are preserved within migmatitic metapelite ~2 
km NW of Mount Bruna (Fig. 5.24; GR 508427 7455892). The metapelite contains a 
foliation defined by biotite and sillimanite, which encloses leucocratic segregations 
containing sillimanite and coarse-grained garnet up to ~15 cm in diameter. The garnet 
contains inclusions of coarse-grained prismatic sillimanite, biotite, quartz, monazite and 
zircon. Hand et al. (1999a) considered that the garnet-bearing leucosomes formed by the 
reaction: biotite + sillimanite + plagioclase + quartz = garnet + melt, with implied 
conditions of ~800 ˚C and ~8.5 kbar. Geothermometry indicates that the foliation 
wrapping the leucosomes formed at ~720 ˚C, and is interpreted to have developed 
during the retrograde phase of the Larapinta Event (Hand et al., 1999a). These workers 
also dated monazite from a bulk sample of the leucosome and enclosing fabric, which 
yielded a SHRIMP U-Pb age of 467 ± 8 Ma. However they were unable to assess 
whether this age dates peak or retrograde metamorphism, since monazite is present in 
both the leucosome and the enclosing foliation. 
 
Figure 5.24. Coarse-grained peak metamorphic garnet in migmatitic metapelite, ~2 km NW of 
Mount Bruna (GR 508427 7455892). 
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Garnet porphyroblasts were separated from peak metamorphic leucosomes close to the 
outcrop sampled by Hand et al. (1999a) to extract metamorphic monazite and zircon. It 
was hoped that monazite and zircon from the interior of the garnet would preserve the 
timing of peak metamorphism, having been armoured from later metamorphic 
overprinting by the enclosing garnet, despite fracturing in the garnet. Three garnet 
crystals, 10-15 cm in diameter, were extracted from the leucosome and the outer ~5-10 
mm abraded to ensure that no host rock was incorporated. Several hundred zircon and 
monazite grains were recovered from the crushed sample. The zircon consists of 
599 Ma 
Figure 5.25. Backscattered electron (BSE) images of monazite from peak metamorphic garnet NW 
of Mount Bruna. A remnant monazite core was dated at 599 Ma, however the compositional 
variation seen in most grains has no resolvable age difference. 
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subhedral to euhedral, rounded to elongate prismatic grains up to ~250 µm long. In CL 
imagery, most grains consist of a rounded or irregular core, interpreted to be remnant 
detrital zircon, surrounded by a very thin moderate intensity overgrowth generally <10 
µm thick. In some grains, the inner layer of overgrowth is irregular and dark and 
possibly represents a recrystallisation front. Monazite consists of golden, transparent 
fragments and subhedral grains ranging up to ~400 µm in size. BSE imagery reveals 
that there is compositional heterogeneity in many grains, with darker monazite 
surrounded by a moderate intensity monazite which forms arcuate embayments in the 
darker material (Fig. 5.25).  
 
Of the several hundred grains mounted for analysis, only 3 zircon overgrowths were 
thick enough to be analysed, yielding ages of ~481, ~1689 and ~1715 Ma. The two 
older overgrowths are interpreted to be part of the detrital component, and the single 
younger analysis is interpreted to date the timing of peak metamorphism during the 
Larapinta Event. However, this single analysis is insufficient to precisely date the 
metamorphism and so monazite, which is abundant in the garnet, was analysed to 
provide a more precise age. 
 
 
 
Figure 5.26. Tera-Wasserburg diagram of U-Pb data from monazite in peak metamorphic garnet, 
NW of Mount Bruna. 
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Monazite analyses are listed in Table 5.6 and plotted in Fig. 5.26. The monazites have 
uranium contents of 2185-11860 ppm, Th/U of 2.3-76.2, and form a cluster at ~0.45 Ga 
that is slightly reversely discordant. The reverse discordance is attributed to an 
overestimation of the proportion of common Pb, possibly due to an unresolved isobaric 
interference when measuring the 
204
Pb peak. The 
207
Pb corrected 
206
Pb/
238
U age is 
unaffected by this problem, however the 
207
Pb/
235
U age is reliant upon the 
204
Pb 
correction and cannot be used. Three analyses are significantly older than the main 
cluster (10.1, 7.1, 6.1), having 
206
Pb/
238
U ages of ~599, 510 and 487 Ma respectively. 
The oldest analysis is from a core with higher BSE intensity than the surrounding 
monazite (Fig 5.23), and possibly represents remnant detrital monazite. The other two 
high ages are from relatively uniform grains, with no obvious textural difference to the 
monazite grains which comprise the main group. The main group of 9 analyses have 
equal 
206
Pb/
238
U within analytical error, yielding a weighted mean age of 450.3 ± 4.9 
Ma (MSWD = 1.29). Despite the compositional differences observed in BSE imagery, 
there was no recognisable difference in U-Pb compositions between the darker and 
lighter domains, a similar observation to that made by Hand et al. (1999) of monazite 
from the same area. 
 
The age given by the monazite is significantly lower than the 467 ± 8 Ma obtained from 
a bulk sample by Hand et al. (1999) and appears to reflect retrograde metamorphism. It 
is unclear why the age of the monazite within the garnet should be lower than monazite 
from the ‘host’ rock, but indicates that the garnet did not act as a closed system. This 
implies that the fracturing within the garnet took place during high-grade 
metamorphism, providing a pathway for fluid infiltration. If this was the case, then it is 
possible that in situ dating of monazite in garnet away from fractures might preserve a 
higher age. 
 
5.7 Tectonic implications of the geochronological data 
5.7.1 Cambrian tectonism 
The data presented here indicate that a significant tectonothermal event occurred in the 
Harts Range area during the Early Cambrian at ~520 Ma, a time previously considered 
to be relatively quiescent in this area. It is evident that this event was distinct from the 
Larapinta Event, which forms metamorphic zircon overgrowths on 520 Ma magmatic 
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grains, and this earlier phase of tectonism is informally referred to here as the Stanovos 
Event. 
 
The only published isotopic data from the Arunta Inlier which yield a similar age is an 
ID-TIMS zircon U-Pb age of 520 ± 5 Ma reported for discordant data from a pegmatite 
in the northern Harts Range by Mortimer et al. (1987). This age was derived by 
assuming partial isotopic resetting during the Alice Springs Orogeny, deriving an upper 
intercept age on concordia by projecting from 300 Ma. However, if the discordance in 
the data is interpreted to be a result of recent Pb loss, the calculated age is ~460 Ma, 
similar to the age of other pegmatites in the Harts Range (Storkey et al., in prep.). An 
unpublished Sm-Nd age for amphibolite-grade, garnet-bearing Bruna Gneiss yielded an 
age of ~515 Ma, which might reflect Stanovos Event metamorphism. However, the 
significance of this age is unclear, and further data are needed to substantiate the effects 
of the Stanovos Event in the Entia Gneiss Complex. 
 
The ~520 Ma magmatism appears to have been the result, at least in part, of partial 
melting of the upper Stanovos Gneiss, which has a probable late Neoproterozoic to 
Early Cambrian depositional age based on detrital zircon data. This implies that the 
burial of the metasedimentary protoliths of the upper Stanovos Gneiss commenced 
shortly after deposition within a tectonically active setting. Patterns of Early Cambrian 
sedimentation in the adjacent Amadeus and Georgina basins indicate that both crustal 
shortening and extension were taking place in different parts of the central Australian 
region (Kennard & Lindsay, 1991; Lindsay & Korsch, 1991). In the southwestern 
Amadeus Basin, coarse clastic sediments were deposited within a narrow foreland basin 
created by northward thrusting of nappes related to the 570-530 Ma Petermann Orogeny 
(Kennard & Lindsay, 1991). Sedimentation in the remainder of the Amadeus Basin was 
largely restricted to rapidly subsiding sub-basins along the northern margin, interpreted 
to be a result of crustal extension (Kennard & Lindsay, 1991; Shaw, 1991). 
 
During the Early and Middle Cambrian, sedimentation rates were low in the Amadeus 
and Georgina basins adjacent to the Harts Range, where sediments consisted of 
relatively thin carbonate sequences with very little clastic input. In the Amadeus Basin, 
the Todd River Dolomite, consisting of tidal flat carbonates, oolitic barrier bars and 
reefal archaeocyathan buildups, was deposited prior to the Stanovos Event during the 
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late Atdabanian-early Botoman (~524-528 Ma) (Kennard & Lindsay, 1991; Kennard, 
1991). The upper contact of the Todd River Dolomite is marked by a palaeo-karst 
surface or erosional contact, which was considered by Kennard (1991) to have formed 
prior to or during deposition of the overlying Chandler Formation, which consists of 
carbonates and evaporites interpreted to have been deposited at a similar time to the 
Stanovos Event, i.e. the late Botoman, ~518-520 Ma (Kennard & Lindsay, 1991). 
Carbonate-dominated deposition continued until the Late Cambrian, when a marine 
incursion resulted in the deposition of shallow marine clastic sequences. 
 
A widespread marine transgression took place along the southern margin of the 
Georgina Basin in the mid-Early Cambrian (Adtabanian, ~527 Ma) (Shergold & Druce, 
1980; Kruse et al., 2002). This led to a change from marginal marine siliciclastic 
sedimentation to open shelf marine carbonate sedimentation similar to that observed in 
the Amadeus Basin. The marine transgression became more widespread in the Middle 
Cambrian, extending across much of the basin, leading to the development of a broad 
carbonate platform (Kruse et al., 2002). Renewed transgression resulted in deeper-
water, anoxic conditions in the southern Georgina Basin from the Templetonian (~505 
Ma), resulting in the deposition of pyritic black shales. 
 
The patterns of sedimentation in the Amadeus and Georgina basins described above are 
inconsistent with contraction during the Stanovos Event, which would have led to the 
deposition of coarse-grained clastic sediments, similar to those deposited adjacent to the 
Petermann and Alice Springs orogens (Shaw et al., 1991; Haines et al., 2001). Instead, 
the presence of clastic-poor sediments, relatively thick evaporite deposits and a marine 
transgression is more consistent with a stable or subsiding environment. Bradshaw 
(1993) considered that the deposition of evaporites and carbonates of the Chandler 
Formation took place within a deep desiccated basin, analogous to the Messinian 
Mediterranean Evaporite, with a shallow marine shelf situated to the east. 
 
In the Harts Range area, detrital zircon data indicate that the pelitic protoliths of the 
Irindina Gneiss and mafic volcanics of the HRMIC were deposited at a similar time to 
the shallow marine carbonate and evaporite sequences in the adjacent basins (Chapter 
4). This suggests that deeper-water conditions prevailed in the Harts Range area, which 
thus appears to have been a depocentre during the Stanovos Event. Detrital zircon from 
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metapelites of the lower Irindina Gneiss is dominated by a narrow range of ages 
consistent with derivation from the adjacent Palaeoproterozoic basement. This implies 
that deposition took place within a relatively large, isolated sub-basin, similar to the 
setting envisaged for deposition of the carbonate/evaporite sequence in the Amadeus 
Basin. The upper Irindina Gneiss and younger units contain zircon with ages between 
0.5-0.7 Ga, which are interpreted to be derived from eastern Australia, implying a 
change to more a open style of sedimentation (Chapter 4). 
 
The HRMIC was considered by Sivell & Foden (1985) and Sivell (1988) to have 
formed within an intracratonic rift setting based on its geochemical characteristics. The 
change from more alkaline magmas at the base of the sequence to continental tholeiite 
and ocean floor compositions at higher levels is also consistent with geochemical 
evolution trends observed in known rift settings (Hand et al., 1999). This magmatism is 
broadly coincident with the extrusion of flood basalts of the Antrim Plateau Volcanics 
of northern Australia, where an interpreted feeder dyke is dated at 513 ± 10 Ma (Hanley 
& Wingate, 2000). The Antrim Plateau Volcanics form part of a broad igneous province 
that covered an area of at least 300 000 km
2
 across northern Australia (Bultitude, 1976), 
extending as far south as the Table Hill Volcanics in the Officer Basin, and as far east as 
the Helen Springs and Peaker Piker volcanics in the northern Georgina Basin (Shergold 
& Druce, 1980; Hanley & Wingate, 2000). Although a direct connection between these 
mafic volcanics and the metabasites of the HRMIC is unlikely based on geochemical 
grounds (Storkey et al., in prep.), it is possible that the mafic magmatism in these two 
areas was related to the same tectonic drivers. In the Warburton Basin ~500 km to the 
southeast of the Harts Range, rhyolites and dacites of the Mooracoochie Volcanics were 
erupted at 517 ± 9 Ma, apparently within a rift setting (Sun & Purvis, 2002). Later 
basalts and picrites were deposited from prior to the Late Templetonian-Florian (~503-
506 Ma) to Mindyallan (~497-498 Ma) Stages, and are within-plate alkali basalts, 
interpreted to be a result of renewed extension (Sun & Purvis, 2002). 
 
The available evidence is thus consistent with an extensional setting for the Stanovos 
Event. Partial melting apparently took place at the base of an actively subsiding 
sedimentary basin, overlain by a thick sequence dominated by pelites and rift-related 
mafic volcanics. The onset of extension may have been related to the formation of the 
Ooraminna and Carmichael sub-basins along the northern margin of the Amadeus Basin 
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in the earliest Cambrian (Shaw, 1991) and the Adtabanian (~527 Ma) marine 
transgression along the southern margin of the Georgina Basin (Shergold & Druce, 
1980; Kruse et al., 2002). In this setting, the burial and partial melting of latest 
Neoproterozoic to Early Cambrian rocks would appear to have taken place coeval with 
sedimentation at the surface, in a similar manner to that proposed for the Larapinta 
Event (Hand et al., 1999a, b). The clastic-poor nature of the adjacent platformal 
successions indicates that little sediment was transported across these areas, implying 
that significant volumes of sediment were fed into the basin through relatively narrow 
connections with distal sources. This is consistent with detrital zircon data which 
indicate a significant component of sediment was derived from eastern Australia. 
 
The inferred Irindina Sub-basin is perhaps more likely to have formed within a zone of 
transtension rather than pure extension, which might have distributed strain over a wider 
area and generated a broader basin. This transcurrent movement might reflect switching 
of movement from dextral transpressional structures that exhumed the Musgrave Inlier 
during the Petermann Orogeny at 560-530 Ma, to transtensional structures in the Harts 
Range region at ~520 Ma. 
 
At the time of the Stanovos Event in central Australia the eastern continental margin 
comprised part of a belt of deformation and magmatism that extended over 5 000 km 
from the 545-490 Ma Ross Orogen in the Transantarctic Mountains to the ~520-490 Ma 
Delamerian Orogen in southeastern Australia. The Ross-Delamerian Orogen resulted 
from the westward-dipping subduction of the Palaeo-Pacific plate beneath Gondwana, 
forming volcanic arcs and voluminous I- and S-type granites. In the Delamerian 
Orogen, granites were largely confined to deep Early Cambrian sedimentary basins 
where they were associated with mafic rocks (Foden et al., 2002), a similar setting to 
that of the 520 Ma granites in the Harts Range area. However, in contrast with the 
granites of the Ross-Delamerian Orogen, those in the Harts Range Group appear to be 
unrelated to convergence and occur at least 500 km west of the inferred continental 
margin and other magmatic rocks of this age. If the axis of extension or transtension 
during the Stanovos Event was similar to that inferred for the Larapinta Event, i.e. 
WNW-ESE, then the structures that focussed deformation in central Australia would 
have been oriented approximately orthogonally to the convergent continental margin. 
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This structure might thus represent a transcurrent zone which accommodated strain 
resulting from convergence along the continental margin. 
 
5.8 Conclusions 
The data presented here indicate that partial melting took place at ~520 Ma in the lower 
parts of the Harts Range Group, significantly earlier than peak metamorphism during 
the Larapinta Event at ~475 Ma. Partial melting appears to have taken place within an 
extensional sub-basin between the Amadeus and Georgina basins, coeval with rifting in 
the Warburton Basin and a marine transgression in the Georgina Basin. This extension, 
represented by the Stanovos Event in the lower parts of the HRG, appears to reflect the 
earliest phase of extension which culminated in granulite-facies metamorphism during 
the Early Ordovician Larapinta Event. 
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Chapter 6 
 
Effects of the Alice Springs Orogeny in 
the Harts Range Metamorphic Complex 
 
 
 
6.1 Summary 
SHRIMP U-Pb zircon dating of felsic intrusives in the Harts Range Group and monazite 
dating of the regionally flat-lying foliation in the Entia Gneiss Complex indicate that the 
Alice Springs Orogeny was a significant high-temperature event in the Harts Range 
region. A syn-tectonic pegmatite dyke within an E-W trending ductile shear zone in the 
northern Harts Range has an age of 373 ± 3 Ma, similar to ages of E-W trending 
structures in the Strangways Metamorphic Complex. These structures are overprinted 
by NW-trending structures related to the development of a SW-verging fold and thrust 
belt. The 357 ± 4 Ma age of a folded pegmatite dyke in a high-strain zone SE of the 
Entia Dome suggests that this SW-vergent deformation occurred as part of the Brewer 
Movement of the Alice Springs Orogeny. The 361 ± 3 Ma ages of two granitoids in the 
northeastern Harts Range indicate that the Brewer Movement was associated with a 
significant thermal pulse that was possibly the cause of younger cooling ages in this 
area. Monazite associated with mica that defines the pervasive flat-lying foliation in the 
Entia Gneiss Complex has an age of 336 ± 3 Ma, indicating that kyanite-grade 
reworking took place during the Mount Eclipse Movement, towards the end of the Alice 
Springs Orogeny. Deformation of this fabric during the formation of the Entia Dome 
demonstrates that the doming was one of the last events to take place in the Alice 
Springs Orogeny, possibly related to the extensional collapse of the orogen. 
 
 
6.2 Introduction 
Geochronological data from the Harts Range and Strangways metamorphic complexes 
indicate that the ~400-300 Ma Alice Springs Orogeny was a major high-temperature 
event in the eastern Arunta Inlier, contrasting with surrounding regions where uplift 
took place along discrete greenschist-facies shear zones (Collins & Shaw, 1995). 
40
Ar-
39
Ar, K-Ar and Rb-Sr ages from the Harts Range region show that the region cooled 
through 500 °C between 400 and 308 Ma, during uplift and exhumation of the basement 
and cover sequences (Mortimer et al., 1987; Dunlap et al., 1995; Foden et al., 1995). In 
the Entia Gneiss Complex, monazite ages of 343 and 360 Ma and a zircon age of 330 ± 
6 Ma for a pegmatite overprinted by an amphibolite-facies foliation indicate that 
deformation took place at relatively high metamorphic grade (Cooper et al., 1988; Hand 
et al., 1999). 
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Although the data show that the Alice Springs Orogeny was a significant 
tectonothermal event in the eastern Arunta Inlier, its multi-stage evolution is still not 
well understood. The nature and timing of the main movement phases of the orogeny 
are only broadly known, and are largely inferred from cooling ages and sedimentation 
patterns in the Amadeus and Georgina basins (Bradshaw & Evans, 1988; Haines et al., 
2001). Complex macroscale folding in the Harts Range, once considered to be 
Palaeoproterozoic in age (e.g. James & Ding, 1988), evidently took place during the 
Alice Springs Orogeny, since it deforms the layer-parallel foliation that formed during 
the Larapinta Event. These folding events presumably correspond to the main phases of 
the Alice Springs Orogeny, but their timing is currently poorly-constrained. Similarly, 
the Entia Dome, which dominates the outcrop pattern of the eastern Harts Range, 
appears to be a late-stage structure related to the Alice Springs Orogeny. The timing of 
its formation and the processes by which it formed are also uncertain, having been 
variously attributed to a variety of contractional or extensional processes inferred to 
have taken place between the Palaeoproterozoic and the Carboniferous (Ding, 1988; 
Hand et al., 1999b; Teasdale & Prior, 2002). 
 
In this study, SHRIMP U-Pb zircon dating of several felsic intrusives and monazite 
dating of metamorphism has been carried out in the Harts Range area to better constrain 
the main deformational phases of the Alice Springs Orogeny. A better understanding of 
the structures that formed during the Alice Springs Orogeny would also allow 
Larapinta-age and Alice Springs-age structures to be more easily distinguished from 
each other. Two pegmatite dykes within shear zones have been dated to constrain the 
timing of E-W trending and NE-trending structures. Granites in the northeastern Harts 
Range have also been dated to evaluate their relationship with lower cooling ages in this 
part of the complex. Monazite dating has been used to date the pervasive flat-lying 
foliation in the Entia Gneiss complex, constraining the timing of kyanite-facies 
metamorphism and the formation of the Entia Dome. 
 
6.3 Geological overview of the Alice Springs Orogeny 
The existence of a major intracratonic Palaeozoic thrust and fold belt in central 
Australia has long been recognised (Forman et al., 1967; Stewart, 1967; Forman, 1971; 
Shaw et al., 1984a; Collins & Teyssier, 1989a,b). The tectonism responsible for this 
deformation has been termed the Alice Springs Orogeny (Forman et al., 1967), which 
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has been variously defined, but is generally considered to encompass the multiple 
phases of convergence and uplift that affected central Australia between ~400-300 Ma 
(Bradshaw & Evans, 1988; Haines et al., 2001). 
 
North-south directed shortening exhumed the Arunta Inlier from beneath the formerly 
continuous Centralian Superbasin along a series of greenschist to amphibolite-facies 
shear zones (Shaw et al., 1992; Dunlap et al., 1995). Some of these are major crustal-
penetrating structures that accommodated at least 80 km of shortening and offset the 
Moho by ~20 km (Goleby et al., 1989; Shaw et al., 1992). The highest metamorphic 
grades occurred in the southeastern Arunta Inlier, although the effects of this 
deformation have been recognised as far afield as the northeastern margin the Arunta 
Inlier, the northern margin of the Officer Basin in South Australia and the Canning 
Basin in Western Australia (Hoskins & Lemon, 1995, Lindsay & Leven, 1996; Hand & 
Sandiford, 1999). 
 
Crustal shortening took place as a series of ‘movements’ between ~450 and 270 Ma 
(Bradshaw & Evans, 1988), with many workers preferring a more restricted definition 
of the Alice Springs Orogeny, including only the deformation between ~400 and 300 
Ma (e.g. Shaw, 1991). These movements resulted in the deposition of unconformity-
bounded packages of syn-orogenic sedimentary rocks in adjacent basins, which have 
been used to constrain the main phases of uplift (Forman, 1966; Shaw et al., 1984a; 
Veevers, 1984; Bradshaw & Evans, 1988; Shaw et al., 1991; Haines et al., 2001). These 
packages typically consist of  relatively coarse-grained terrestrial sedimentary rocks 
which are fossil-poor, meaning that the ages of deformation are imprecisely constrained.  
 
Six discrete movements have been defined between the Late Ordovician and Early 
Permian (Bradshaw & Evans, 1988). The onset of convergence is marked by the 
Rodingan Movement in the Late Ordovician (~450 Ma), which caused significant uplift 
in the northeastern Amadeus Basin (Wells, 1970; Bradshaw & Evans, 1988). After a 
hiatus of 40-50 Ma, renewed convergence resulted in deformation and uplift during the 
Pertnjara (~400-385 Ma), Henbury (~370 Ma), Brewer (~370-360 Ma) and Mount 
Eclipse (~330-320 Ma) movements. The Waite Creek Movement was considered by 
Bradshaw & Evans (1988) to be the last phase of deformation, consisting of a series of 
overprinting structures consistent with NW-SE shortening that contrast with the 
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dominantly N-S to SW-NE oriented shortening during the earlier phases of the Alice 
Springs Orogeny. The age of this deformation has been tentatively placed at ~270-280 
Ma based on fission track dating by Tingate et al. (1986), who found evidence for a 
period of rapid uplift of the northern Amadeus Basin at this time. 
 
The deformational character of the Alice Springs Orogeny varies between dominantly 
thick-skinned in the west and mixed thin-skinned and thick-skinned in the east. In the 
west, seismic data indicate that the bulk of deformation was accommodated on a series 
of moderately north-dipping planar shear zones. The principal shear zone in this system 
is the Redbank Thrust, a major crustal-penetrating structure that displaces the Moho by 
~20 km (Fig. 1.3, Goleby et al., 1989; Shaw et al., 1992; Korsch et al., 1998). In the 
eastern part of the orogen, a considerable amount of shortening was accommodated by 
thin-skinned deformation along the Bruna Detachment Zone (Ding & James, 1985; 
Collins & Teyssier, 1989a,b). A Sm-Nd age of 449 ± 10 Ma from a garnet-bearing 
assemblage in the shear zone was interpreted by Mawby et al. (1999) to record the onset 
of southerly-directed thrusting along this structure as part of the Rodingan Movement. 
South of the Harts Range Metamorphic Complex, the Ruby Gap Nappe Complex 
formed as a series of basement-cored nappes and thrust sheets at higher structural levels 
(Fig. 6.22, Forman, 1971; Dunlap et al., 1995; Dunlap & Teyssier, 1995). The possible 
extension of the Redbank Thrust in the eastern Arunta Inlier, the Illogwa Shear Zone, 
juxtaposes the differing crustal levels and indicates that both thick and thin-skinned 
tectonism was significant at different times during the orogeny. 
 
The intensity of Palaeozoic deformation in the Harts Range Metamorphic Complex has 
been the subject of some debate. Many of the early workers in the area considered that 
the 1747 Ma Bruna Gneiss intruded the Bruna Detachment Zone during 
Palaeoproterozoic deformation, and that the Alice Springs Orogeny caused no ductile 
deformation (Ding and James, 1985, 1989; Mortimer et al., 1987; Cooper et al., 1988 
and James & Ding, 1988, 1989). Palaeozoic tectonism was considered to consist of 
limited 'anorogenic' uplift on minor faults, with Ding & James (1989) arguing that the 
Alice Springs Orogeny should not even be considered an orogenic event, but merely a 
'movement'. In contrast, Teyssier (1985) and Collins and Teyssier (1989a,b) argued that 
Palaeozoic shear zones were the dominant control on the exhumation of the Arunta 
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Inlier and that the Bruna Detachment Zone was a major zone of shearing during the 
Alice Springs Orogeny. 
 
As further geochronological data have been collected, it has become increasingly 
apparent that the Harts Range Metamorphic Complex experienced significant high-
temperature reworking during the Alice Springs Orogeny. Regional cooling and 
monazite U-Pb ages show that the Harts Range Metamorphic Complex cooled from 
temperatures >600 °C between ~400 and ~330 Ma (Dunlap et al., 1995; Foden et al., 
1995; Hand et al., 1999a, b; Mawby, 2000). Thermobarometry and geochronological 
data indicate that around 7 kbar (~20-25 km) of exhumation occurred in the Harts 
Range Metamorphic Complex after ~460 Ma (Mawby et al., 1999), with most of this 
interpreted to have occurred during the Alice Springs Orogeny. 
 
Large numbers of pegmatite dykes occur throughout the Harts Range Metamorphic 
Complex, but are particularly abundant in the northern Harts Range. These dykes are 
variably deformed and were emplaced at various stages of the Alice Springs Orogeny 
(Joklik, 1955; Hand et al., 1999a; Storkey et al., 2002). A tightly folded pegmatite dyke 
in the Entia Gneiss Complex with an age of 330 ± 6 Ma is overprinted by a mid- to 
lower-amphibolite facies foliation (Hand et al., 1999), indicating that the Harts Range 
Metamorphic Complex was at relatively high metamorphic grade as recently as the mid-
Carboniferous. 
 
Much of the exhumation of the Harts Range Metamorphic Complex appears to have 
taken place during the latter stages of the Alice Springs Orogeny, and is recorded in 
40
Ar-
39
Ar, K-Ar and Rb-Sr ages which reveal patterns of cooling through ~500 °C, 300 
°C and 250 °C (Fig. 6.1; Mortimer et al., 1987; Cooper et al., 1988; Dunlap et al., 1995; 
Foden et al., 1995; Mawby, 2000). The ages indicate that the northeastern Harts Range 
cooled through 500 °C around 30-40 Ma later than the southwestern part. The variation 
in cooling ages was possibly a result of localised magmatism in the northeastern Harts 
Range, but might instead be due to a greater degree of exhumation of the northeastern 
Harts Range in the Carboniferous (Hand et al., 1999b). 
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Figure 6.1. Summary of cooling ages in the Harts Range area, from Mawby (2000). (A) 
40
Ar/
39
Ar and K/Ar ages from hornblende and Rb-Sr ages from muscovite showing that the 
northeastern HRMC cooled through 500 ˚C ~30-40 Ma later than the southwestern part. (B) 
40
Ar/
39Ar and K/Ar ages from muscovite and biotite showing cooling through ~300 ˚C. (C) 
40
Ar/
39
Ar and K/Ar ages from K-feldspar showing cooling though ~250 ˚C. Older ages in the 
south reflect partial resetting of Proterozoic K-feldspar. 
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Figure 6.2. Chapter 6 sample localities. 
Chapter 6                                                                                                                     Alice Springs Orogeny 
 198 
6.4 Northeastern Harts Range granitoids 
The only recognised magmatism to have taken place as a result of the Alice Springs 
Orogeny occurs in the Harts Range region, where multiple generations of pegmatite 
dykes were emplaced between ~475 and ~330 Ma (Hand et al., 1999a; Storkey et al., 
2002). Numerous small granitic intrusives also occur in the region, however the only 
dated body is from the Mallee Bore area, ~20 km north of the Harts Range, which has 
an age of 387 ± 4 Ma (Buick et al., 2001). The greatest density of granite occurs in the 
northern and eastern Harts Range, where coarse-grained granite and pegmatite is 
widespread, with radiometric data and field observations indicating that the proportion 
of felsic intrusives is significantly higher than represented on the Quartz 1:100 000 scale 
geological map (Shaw et al., 1990). This granitic magmatism is broadly coincident with 
the lower cooling ages found in this part of the Harts Range Metamorphic Complex, 
raising the possibility that magmatism was the cause of this later cooling. Two 
granitoids have thus been dated to test whether the timing of their emplacement is 
consistent with regional cooling through ~500 °C at ~330 Ma. 
 
6.4.1 Granite - Mount Mary (Sample 2002080147) 
A granitic intrusion around 300 m in size was sampled ~5 km WNW of Mount Mary in 
the northeastern Entia Dome (Fig. 6.7A; GR 530356 7455713). The granite is feldspar-
rich, consisting of coarse-grained K-feldspar, plagioclase, quartz and biotite with minor 
allanite, and contains a weak foliation. The degree of strain in this intrusive is 
significantly lower than that of the host Brady Gneiss, which contains a strong layer-
parallel foliation that is interpreted to have formed during the Early Ordovician 
Larapinta Event. The granite contains layered metasedimentary xenoliths comprised of 
calc-silicate rock and schist which appear to be derived from the host rocks. 
Undeformed pegmatite dykes with a variety of orientations intrude the granite, and in 
one locality show crosscutting relationships between dykes of different ages (Fig. 6.7B). 
 
Zircon from the granite consists of clear to turbid euhedral crystals and broken crystal 
fragments ranging up to 500 µm in size. Many of these are highly fractured with fine-
scale oscillatory zoning, which is less apparent in CL imagery than in transmitted light 
microscopy. The zircon generally has a very dark CL response, with many of the 
darkest grains showing evidence of radiation damage. 
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Figure 6.3. CL image of zircon from granite WNW of Mount Mary. Most grains consist of large, 
irregular crystals and fragments with a very low CL response due to their high U content. 
Figure 6.4. Tera-Wasserburg concordia plot of zircon U-Pb data from coarse-grained granite 
WNW of Mount Mary. 
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The most transparent and least fractured zircon was targeted during analysis to reduce 
the chance of analysing metamict zircon, with the results of 13 analyses listed in Table 
6.1 and plotted in Fig. 6.4. The zircon has a high U content, ranging from 3 000-11 000 
ppm, Th/U of 0.07-0.17, and it is likely that the more metamict zircon, which has a 
darker CL response, has an even higher U content. The analyses form a near-concordant 
cluster at ~0.36 Ga, with a spread of 
206
Pb/
238
U beyond analytical uncertainty. Williams 
& Hergt (2000) observed that zircon with high U contents (>2 000 ppm) analysed on 
SHRIMP displayed a correlation between U content and apparent 
206
Pb/
238
U, with the 
highest U zircon having higher 
206
Pb/
238
U ages. Despite the high-U content of the zircon 
from the granite, no similar correlation was observed in this sample, and the relatively 
small dispersion in 
206
Pb/
238
U is interpreted to be a result of minor Pb loss in two zircon 
grains (3.1 & 6.1). The remaining 11 analyses have equal 
206
Pb/
238
U within error and 
yield an age of 360.5 ± 3.3 Ma (MSWD = 1.18). 
 
 
6.4.2 Granite - Atitjere (Sample 2002080248) 
A small body of granite occurs within metapelite of the Brady Gneiss ~2.5 km southeast 
of Atitjere (Fig. 6.7C,D; GR 494606 7457182). The granite is a steeply-dipping, sheet-
like body ~7 m thick, broadly concordant with layering in the host schists, with a 
tectonised contact indicating minor top to the south thrusting of the granite after 
crystallisation. The granite is weakly foliated and fine-grained, consisting of quartz, K-
feldspar, plagioclase, biotite and muscovite with occasional garnet phenocrysts to ~1 
cm. 
 
Zircon from the granite consists of euhedral, clear to slightly turbid grains up to 300 µm 
long. Most grains are prismatic crystals with aspect ratios of ~2-3, with a smaller 
number of needle-like grains having aspect ratios of up to ~10. The grains with high 
aspect ratios typically have broken terminations, suggesting that these grains are 
fragments of larger, elongate crystals. In CL imagery, the zircon is of moderate intensity 
with well-developed oscillatory zoning, which commonly grades into a dark outer layer 
that appears to be the last phase of zircon growth (Fig. 6.5).  
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Figure 6.5.  CL image of zircon from granite SE of Atitjere. Most crystals have oscillatory-
zoning and many have a needle-like morphology. 
Figure 6.6. Tera-Wasserburg concordia plot of zircon U-Pb data from garnet-bearing granite SE 
of Atitjere. 
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The results of 16 analyses listed in Table 6.2 and plotted in Fig. 6.6. The zircon has a 
generally moderate U content (363-1104 ppm, typically ~400-600 ppm) and Th/U of 
0.67-1.34. The analyses form a near concordant cluster at ~0.36 Ga with equal 
206
Pb/
238
U within error, yielding an age of 360.8 ± 3.1 Ma (MSWD = 1.42), which is 
interpreted as the crystallisation age of the granitoid. This age is indistinguishable from 
that of the granite near Mount Mary and suggests that most of the granitoids in this area 
were emplaced at ~360 Ma, i.e. the Brewer Movement of the Alice Springs Orogeny. 
The timing of this magmatism is coincident with monazite formation and pegmatite 
intrusion in the northern and eastern Harts Range (Cooper et al., 1988; Storkey et al., 
2002; this study), implying a significant thermal event at this time. This is consistent 
with the metamorphic study of Arnold et al. (1995), who suggested that the eastern 
Entia Gneiss Complex underwent a period of cooling after high-grade metamorphism, 
followed by reheating to ~600 °C and ~5 kbar. 
 
If the younger cooling ages of the northeastern Harts Range are due to the ~360 Ma 
magmatism, then the rate of cooling following this event was very slow. The maximum 
temperature of the northeastern Harts Range at ~360 Ma is unlikely to have exceeded 
~650 °C, given Ordovician peak metamorphic temperatures of ~700 °C in the Brady 
Gneiss and ~650 °C in the Bruna Detachment Zone during movement at 449 Ma 
(Mawby et al., 1999; Mawby, 2000). This would imply a maximum cooling rate of ~3-5 
°C/m.y. between ~360 and ~330 Ma, when the area cooled through ~500 °C. This 
relatively slow cooling rate would indicate that little exhumation took place during the 
Brewer Movement. Alternatively, the lower cooling ages might have been unrelated to 
the granitic magmatism, implying that the later cooling was a result of differential uplift 
across the Harts Range or the emplacement of pegmatite dykes such as those which 
intrude the granite near Mount Mary. To more fully evaluate the possible link between 
the ~360 Ma magmatism and cooling patterns in the Harts Range 
40
Ar-
39
Ar data would 
need to be collected from critical areas such as the northwestern Harts Range and the 
northeastern Entia Dome to determine whether cooling patterns corresponded in detail 
to the distribution of the ~360 Ma granites.  
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Figure 6.7. (A) Granite outcrop in the northeastern Harts Range, ~5 km WNW of Mount Mary (GR 
530356 7455713). (B) Outcrop of coarse-grained granite near geochronology sample site, showing 
granite with a metasedimentary xenolith intruded by undeformed pegmatite dykes. (C) Garnet-bearing 
granite ~2.5 km SE of Atitjere (GR 494606 7457182). (D) View of granite sample locality SE of 
Atitjere.  
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6.5 Timing of kyanite-grade metamorphism in the Entia Gneiss 
Complex 
 
The Entia Gneiss Complex contains a pervasive upper amphibolite-facies foliation with 
a variably developed N- to NE-trending mineral lineation. This foliation is flat-lying on 
a regional scale, but is locally more steeply-dipping between the two smaller domal 
structures within the Entia Dome. In the eastern part of the Entia Dome the foliation 
encloses low-strain domains of largely mafic composition up to 5x3 km in size that 
preserve primary intrusive features and foliated granulite-facies mineral assemblages 
(Foden et al., 1995; Hand et al., 1999b; Mawby, 2000). The overprinting regional fabric 
formed at amphibolite-facies conditions (~700 ºC and 8-9 kbar) and is characterised by 
kyanite in aluminous lithologies, which distinguishes it from the sillimanite-bearing 
foliations in the overlying Harts Range Group (Mawby, 1999; Foden et al., 1995). The 
overprinting fabric is associated with magnetite breakdown, with the isolated low-strain 
domains having a high magnetisation which decreases with increasing strain and 
recrystallisation. Hornblende-plagioclase symplectites mantling garnet suggest that this 
fabric was associated with decompression (Arnold et al., 1995; Mawby et al., 2000). 
The broad similarities between the orientation, metamorphic grade and decompressive 
style of the foliations in the Entia Gneiss Complex and the Harts Range Group led 
Mawby et al. (1999) to suggest that both formed during the Larapinta Event. 
 
There are few isotopic data which constrain the timing of the kyanite-grade foliation in 
the Entia Gneiss Complex. It overprints felsic gneisses in the southeastern Entia Gneiss 
Complex which have ID-TIMS zircon ages of 1767 ± 2 and 1732 ± 6 Ma (Cooper et al., 
1988), indicating that metamorphism post-dated the Strangways Orogeny. These 
gneisses record isotopic evidence of a Palaeozoic thermal event, with Rb-Sr ages of 325 
± 1 Ma and a monazite U-Pb age of 360 ± 5 Ma (Cooper et al., 1988). Hand et al. 
(1999a) obtained a U-Pb age of 343 ± 8 Ma for monazite from a kyanite- and garnet-
bearing metapelite in the southeastern Entia Gneiss Complex. This monazite post-dates 
the formation of kyanite and garnet and pre-dates cross-cutting sillimanite-bearing 
retrograde shearbands. Hand et al. (1999a) considered three possibilities: 1) that garnet 
and kyanite formed during the Larapinta Event, as suggested by Mawby et al. (1999), 
and the monazite formed during reworking of the higher grade assemblages; 2) that 
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garnet and kyanite formed during an earlier stage of the same event which generated 
monazite, or 3) that the monazite formed at ~460 Ma and underwent complete 
radiogenic Pb loss during the mid-Carboniferous. With the data then available, these 
workers were unable to distinguish between these alternatives. 
 
In this study, monazite has been dated from a metapelite in which the monazite is a 
stable component of the regional foliation. The resultant age is thus interpreted to 
closely date the kyanite-grade metamorphism and the formation of the flat-lying 
foliation in the Entia Gneiss Complex. 
 
6.5.1 Inkamulla metapelite 
Kyanite-bearing metapelite was sampled ~3 km SE of Inkamulla Bore, near the centre 
of the Entia Dome (GR 520640 7442180). The metapelite consists of kyanite, biotite, 
muscovite, garnet and quartz which appear to be in textural equilibrium. Garnet occurs 
as subhedral grains, occasionally as inclusions within kyanite. The lack of kyanite 
inclusions within garnet suggests that the garnet predates kyanite formation, although it 
possibly formed as part of the same event. Kyanite forms coarse-grained crystals that 
contain numerous rounded inclusions of quartz and less common biotite and muscovite. 
Monazite occurs as stable inclusions within biotite and muscovite that define the 
foliation in the metapelite (Fig. 6.8A), and occasionally also within biotite inclusions in 
kyanite (Fig. 6.8B). These relationships indicate that the foliation in the metapelite 
formed at the same time, or possibly after, the formation of monazite. 
 
Monazite from the metapelite consists of a uniform population of subhedral, equant to 
stubby grains ~150-200 µm long, with an unusual greenish-yellow colour. In BSE 
imagery the monazite is relatively homogeneous in composition, with a weakly 'mottled' 
appearance and relatively large, rounded mineral inclusions. The uniformity of this 
population suggests that the monazite consists of a single age generation that is the 
same as that observed in thin section. 
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Analyses of 13 monazite grains are listed in Table 6.3 and plotted in Fig. 6.10. The 
monazite has uranium contents of ~6500-8860 ppm, Th contents of ~37 880-11 3200 
ppm and Th/U ratios of 4.8-13.2, averaging ~6.5. The analyses form a tight cluster with 
remarkably uniform 
206
Pb/
238
U, yielding an age of 335.9 ± 3.4 Ma (MSWD = 0.69). The 
kyanite-grade foliation in the metapelite is thus interpreted to have formed during the 
later stages of the Alice Springs Orogeny, during the Mount Eclipse Movement.  
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Figure 6.8. Photomicrographs of metapelite from south of Inkamulla Bore (PPL), showing (A) 
monazite inclusions within biotite that defines the layer-parallel foliation, and (B) monazite within 
biotite inclusions in coarse-grained kyanite. These relationships indicate that the kyanite-facies 
metamorphism and layer-parallel foliation formed at the same time as or after monazite. 
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Figure 6.9. Backscattered electron image (BSE) of monazite from kyanite-garnet-biotite-
muscovite schist south of Inkamulla Bore. The monazite has relatively uniform trace element 
distributions and contains numerous rounded mineral inclusions. The horizontal striping in the 
image is an artefact of the scanning electron microscope. 
Figure 6.10. Tera-Wasserburg concordia plot of monazite U-Pb data for kyanite-garnet-
biotite-muscovite schist south of Inkamulla Bore. 
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This age is statistically indistinguishable from the 343 ± 8 Ma monazite age obtained by 
Hand et al., (1999) from metapelite in the southeastern Entia Gneiss Complex, 
suggesting that their monazite age dates the formation of the foliation in that area rather 
than reworking of an older assemblage or isotopic resetting. The age of the monazite is 
also indistinguishable from a metamorphic zircon age of 332 ± 3 Ma from the Huckitta 
Granodiorite in the Entia Dome ~10 km to the SW, which contains a strong flat-lying 
foliation interpreted to be the same as that dated in the metapelites (Chapter 8). 
 
If the kyanite-grade metamorphism took place during the Alice Springs Orogeny, then 
there is little evidence that the Larapinta Event significantly affected the Entia Gneiss 
Complex. Mawby et al. (1999) obtained a Sm-Nd age of 479 ± 15 Ma from a garnet-
bearing assemblage in the northeastern Entia Gneiss Complex, which is similar to an 
imprecise 5-point Sm-Nd isochron age of 457 ± 178 Ma reported by Foden et al. (1995) 
for a garnet-bearing assemblage towards the centre of the Entia Dome. The similarity of 
these ages to those from the structurally overlying Harts Range Group led Mawby et al. 
(1999) to propose that the Early Ordovician metamorphism in the overlying package 
might also have affected the Entia Gneiss Complex. However, in contrast to the 
abundance of isotopic data in the Harts Range Group which records metamorphism at 
~475-460 Ma, there are no other isotopic data in the Entia Gneiss Complex that 
substantiate Early Ordovician metamorphism. Metamorphic zircon from the Huckitta 
Granodiorite records metamorphism at ~1.71 Ga and ~332 Ma, but evidence of Early 
Ordovician metamorphism is conspicuously absent (Chapter 8). Metamorphic monazite 
from the Entia Gneiss Complex yields concordant U-Pb ages of 336 ± 3 Ma (this study), 
343 ± 8 Ma (Hand et al., 1999a) and 360 ± 5 Ma (Cooper et al., 1988), which are similar 
to lower intercept U-Pb ages and Rb-Sr ages obtained by Cooper et al. (1988). Although 
the isotopic dataset for the Entia Gneiss Complex is currently relatively limited, the 
available evidence points to upper amphibolite-facies conditions having occurred at 
~360-330 Ma rather than at ~475-460 Ma. 
 
As noted by Mawby et al. (1999), hornblende from the matrix of their 479 ± 15 Ma Sm-
Nd sample did not lie on the garnet core-whole rock isochron, indicating that the 
hornblende-garnet core-whole rock system was not in equilibrium. A second sample 
from the same area yielded a garnet-hornblende-whole-rock isochron of 612 ± 6 Ma, 
which they considered to be likely a result of isotopic disturbance, such as infiltration of 
Chapter 6                                                                                                                     Alice Springs Orogeny 
 209 
LREE-enriched fluids. This variability suggests that Sm-Nd ages obtained from the 
Entia Gneiss Complex, which range between ~1408 and ~344 Ma (Foden et al., 1995; 
Mawby et al., 1999) do not accurately date metamorphism. Although Early Ordovician 
metamorphism in the Entia Gneiss complex cannot be entirely discounted, it appears 
probable that the Entia Gneiss Complex did not experience significant Palaeozoic 
metamorphism until the Alice Springs Orogeny. 
 
6.6 Pegmatite age constraints on Palaeozoic tectonism 
Late-stage pegmatite dykes are widespread in the Harts Range region and were 
emplaced over a period of ~150 m.y. (Hand et al., 1999a; Storkey et al., 2002). These 
pegmatites show various degrees of strain, largely dependant upon the timing of their 
emplacement, and provide a valuable means of constraining the main movement phases 
of the Alice Springs Orogeny. In this study, structurally-controlled pegmatites have 
been dated from the northern and eastern Harts Range to constrain the timing of 
shearing in two differently-oriented shear zones. 
 
6.6.1 Huckitta gorge pegmatite (sample 2001080213) 
A zone of relatively high strain occurs within the Harts Range Group in Huckitta gorge, 
southeast of the Entia Dome. In this section, a strong east-dipping shear fabric is 
developed within metasedimentary and metaigneous rocks of the upper Stanovos, 
Irindina and Brady gneisses. In the upper Stanovos Gneiss, this fabric wraps numerous 
mesoscale metabasite boudins that preserve a complex structural history (Fig. 
6.11A,B,C). The earliest event recorded within these boudins is a network of felsic 
veins and migmatite that appear similar to granite veins dated at ~520 Ma from 
metabasite of the upper Stanovos Gneiss south of Indiana Homestead (Chapter 5). The 
migmatites have been deformed, locally sheared and intruded by mafic dykes which are 
in turn folded and recrystallised (Fig. 6.11B). These boudins are wrapped by the east-
dipping shear fabric which has a broadly down-dip lineation and contains (-
porphyroclasts and S-C fabrics that indicate top to the west (reverse) movement (Fig. 
6.12A,B). Numerous chlorite-carbonate-quartz-sulphide (pyrite?) veins in the 
amphibolite boudins were formed during the latest phase of deformation (Fig. 6.12C). 
 
E
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 Figure 6.11. High-strain zone exposed in Huckitta gorge, SE of the Entia Dome. (A) One of 
numerous mafic boudins exposed in this section, possibly within the upper Stanovos Gneiss (GR 
536985 7434607). (B) Mafic dyke intruding migmatitic metabasite and cross-cut by a quartz vein 
(GR 536708 7434713). (C) Mafic boudin wrapped by high-strain foliation containing attenuated 
pegmatite layers (GR 536708 7434713). (D) Attenuated and boudinaged layer-parallel pegmatites in 
metabasite (GR 536708 7434713). 
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Figure 6.12. Huckitta gorge (continued). (A) -porphyroclast in high-strain foliation that wraps mafic 
boudins indicating top to west movement. (B) Feldspar porphyroclast indicating top to west movement. 
(C) Undeformed quartz-chlorite-carbonate vein in migmatitic metabasite. (D) Tightly folded discordant 
pegmatite dyke, interpreted to have been intruded towards the end of W-directed shearing. Sample 
2001080213). 
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Numerous pegmatite dykes occur within this high-strain zone, ranging from highly 
attenuated and boudinaged layer-parallel bodies (Fig. 6.11D) to weakly deformed dykes 
that cross-cut the foliation at a high angle. Two types of pegmatite were sampled: one 
that is highly deformed and attenuated within the foliation and one less deformed 
pegmatite that cross-cuts the schistosity. It was hoped that the ages provided by these 
dykes would bracket the main phase of deformation, however no zircon or monazite 
were found in the highly deformed pegmatite. The age of the discordant dyke thus 
places an approximate lower limit on the timing of the main phase of shearing. 
 
The pegmatite selected for dating is one of a number of dykes which are broadly 
discordant to the shear fabric, but closely folded about recumbent centimetre- to metre-
scale folds with axial surfaces that parallel the foliation, with an asymmetry that is 
consistent with a top to the west sense of movement. A folded pegmatite dyke 15-50 cm 
thick was sampled at GR 536985 7434607 (Fig. 6.12D). The degree of strain in the 
dyke is considerably less than that of the surrounding hornblende-rich schist, though it 
is closely folded, implying that it was emplaced late in the deformation. 
 
The pegmatite consists of quartz and K-feldspar with folia of coarse biotite. Zircon from 
the pegmatite consists of clear to turbid, subhedral to euhedral grains up to 300 µm 
long, with a wide range of morphologies, ranging from equant rounded grains to 
prismatic crystals with aspect ratios of ~3. CL imagery reveals that many of the grains 
consist of an irregular core mantled by a moderate intensity to dark overgrowth. A 
significant number of larger grains are euhedral, consisting broadly zoned or oscillatory 
zircon of dark to moderate intensity. 
 
Twenty-three analyses of oscillatory or broadly zoned zircon and two analyses of zircon 
cores are listed in Table 6.4 and plotted in Fig. 6.14. The regularly-zoned zircon has 
generally high uranium content (904-3987 ppm), Th/U of 0.04-0.41, and forms a 
concordant cluster at ~0.36 Ga. One discordant analysis (17.1) is interpreted to have 
undergone lead loss. The remaining 21 analyses yield a weighted mean 
206
Pb/
238
U age 
of 356.8 ± 4.4 Ma (MSWD = 1.31). The two cores analysed have lower uranium 
contents (204, 246 ppm), Th/U of 1.35 and 0.26 and significantly older ages of ~513 
and ~454 Ma. These are interpreted as inherited detrital zircon from the host 
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metasediments, with the younger grain interpreted to have suffered minor Pb loss, given 
that the protoliths to the host rocks were deposited in the Cambrian. 
 
 
 
 
Figure 6.13. CL image of zircon from pegmatite in Huckitta gorge. 
Figure 6.14. Tera-Wasserburg concordia plot of zircon U-Pb data for a folded pegmatite dyke 
in Huckitta Creek. 
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This age of the pegmatite indicates that it was emplaced towards the end of the Brewer 
Movement of the Alice Springs Orogeny, with much of the deformation within this 
high-strain zone having taken place at or before ~357 Ma. This interpretation is broadly 
consistent with that of Storkey et al. (in prep.), who dated numerous pegmatite dykes at 
Brett Creek in the northern Harts Range and found that deformed layer-parallel 
pegmatites were typically older than ~348 Ma, while discordant dykes were younger 
than ~348 Ma. The pegmatite dykes in the Brett Creek and Huckitta Creek sections 
occur at the same structural position, near the contact between the Brady Gneiss and the 
Irindina Gneiss, and appear to constrain the timing of movement on the same major 
structure. This structure juxtaposes the lower-grade Brady Gneiss above the higher-
grade Irindina Gneiss, indicating that although the shear zone is currently dominated by 
shear sense indicators that indicate top to the west thrusting, it had undergone an earlier 
phase of top to the east extension. The fact that the young-over-old relationship is still 
preserved indicates that the cumulative extensional displacement was greater than the 
reverse movement that took place during later thrusting. 
 
6.6.2 Eblana Creek (‘Painted Canyon’) pegmatite (sample 2002080240) 
A number of discrete ductile shear zones are exposed in Eblana Creek ~10 km SW of 
Atitjere in the northern Harts Range. These shears are generally E-W trending, steeply-
dipping and occur within quartzofeldspathic gneisses and amphibolites which are 
interpreted to be part of the Entia Gneiss Complex (Chapter 8). These shear zones have 
foliation deflections that indicate a top to the north sense of movement (Fig. 6.16A,B). 
They dip both northwards (extensional in current orientation) and southwards (thrusting 
in current orientation), and it is uncertain if the large-scale E-W trending folding in the 
area has rotated some of these structures from their original orientation. 
 
A ~0.4 m thick pegmatite dyke occurs along the plane of a northerly-dipping shear zone 
in strongly foliated felsic gneiss (GR 486333 7450092) (Fig. 6.16B). The dyke consists 
of K-feldspar and quartz which has been sheared and reduced in grain size, particularly 
along its margins (Fig. 6.16C). The dyke appears to have intruded the shear zone during 
deformation, and thus the age of this pegmatite is interpreted to record the top to north 
movement along the shear. It is a possibility that the shearing was focussed along the 
margins of a pre-existing dyke, which would mean that the pegmatite provides a 
maximum age for shearing. However there are other shears that only have very thin 
W
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pegmatitic veins (<1 cm to 2 cm thick ) along their shear plane, which are unlikely to 
have had a significant effect in partitioning strain within the quartzofeldspathic gneiss 
(Figs. 6.16D). These veins diverge from the shear plane in places and the pegmatitic 
veins and dykes are thus considered to be intrusives related to the deformation. 
 
No monazite was recovered from the pegmatite, but zircon was recovered in sufficient 
quantity for dating. Zircon from the pegmatite consists of euhedral to subhedral 
prismatic grains up to 400 µm long. Most crystals are turbid to semi-opaque, with a high 
density of fracturing, however a small number have relatively clear, unfractured areas 
which were targeted during analysis. In CL imagery, the zircon is typically very dark, 
with many grains consisting of a small, apparently inherited, core surrounded by a 
broadly-zoned or homogeneous overgrowth that commonly fills embayments in the 
older zircon. 
 
 
 
 
Figure 6.15. CL image of zircon from pegmatite in Eblana Creek, showing analysis craters. 
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Figure 6.16. E-W trending shear zones in Eblana Creek in the northern Harts Range. (A) Top to the 
north ductile shearing (GR 486296 7450510); (B) Shear zone with top to the north shear sense. 
Pegmatite dyke has intruded along shear plane (GR 486296 7450510); (C) Close-up of pegmatite in 
shear zone; (D) Minor ductile shear with significant dextral strike-slip component. 
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Twenty analyses of the broadly zoned zircon are listed in Table 6.5 and plotted in Fig. 
6.17. The analysed zircon has a high uranium content (908-4758 ppm), relatively 
uniform Th/U (0.20-0.47) and forms a tight group at ~375 Ma. One analysis (3.1) has 
high common lead and significantly lower 
206
Pb/
238
U, and is interpreted to have 
undergone lead loss. The remaining 19 analyses have equal 
206
Pb/
238
U within analytical 
error and yield a weighted mean age of 373.3 ± 3.1 Ma (MSWD = 1.43), interpreted as 
the timing of north-directed movement along the shear zone. 
 
 
 
 
 
The age of this movement is similar to that of other E-W trending, south-over-north 
shear zones in the Strangways Metamorphic Complex, which yield ages of 381 ± 7 Ma 
(Ballèvre et al., 1999) and 380 ± 24 Ma (Hand et al., 1999). These shear zones formed 
during prograde, up-pressure metamorphism to peak conditions of ~600 °C and 6 kbar 
(Hand et al., 2001). A locally-derived granite near Mallee Bore with an age of 387 ± 4 
Ma (Buick et al., 2001), might also be related to this metamorphic event. This tectonism 
is part of the Pertnjara Movement of the Alice Springs Orogeny, which resulted in uplift 
of the northeastern Amadeus Basin and the syn-orogenic sedimentation of the Pertnjara 
Group (Bradshaw and Evans, 1988; Haines et al., 2001). It is unclear whether the north-
Figure 6.17. Tera-Wasserburg concordia plot of zircon U-Pb data from pegmatite in Eblana Creek. 
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dipping shear zones in Eblana Creek represent extensional structures that post-date 
contraction or rotated south-dipping thrusts which formed as part of a protracted 
shortening event. Further mapping of these structures in the northern Harts Range could 
resolve this question. 
 
6.7 Folding in the Harts Range Metamorphic Complex 
The Harts Range Metamorphic Complex has undergone a series of folding events which 
produced the complex outcrop patterns evident in geological maps of the area (Shaw et 
al., 1984b, 1990). This folding has been described by Shaw et al. (1984b), Ding & 
James (1985), Lawrence et al. (1987) and James & Ding (1988), who recognised as 
many as eight fold generations, which they interpreted to have formed during 
Palaeoproterozoic tectonism. However, geochronological data from this study and 
others indicate that the protoliths to the Harts Range Group were deposited as recently 
as the Late Cambrian, indicating that this folding is Ordovician or younger. There are 
no identified macro-scale folds associated with the Larapinta Event, which is 
characterised by flat-lying, layer-parallel foliations, with minor intrafolial isoclines that 
do not affect the outcrop pattern. Macro-scale folding of this foliation is thus 
constrained to have taken place after ~460 Ma, during episodic tectonism of the Alice 
Springs Orogeny. 
 
West of the Entia Dome, folding is dominated by upright to reclined, E-W-trending 
folds, whereas southeast of the Entia Dome, the dominant structural grain is 
northwesterly-trending, comprised of SW-verging folds and thrusts. Aeromagnetic data 
for the poorly-exposed region to the east of the Harts Range suggest that this structural 
style persists across the eastern and southeastern part of the Harts Range Metamorphic 
Complex, and is in fact more characteristic of the regional structure than the well-
exposed folding in the Harts Range (Fig. 6.18). 
 
In the northwestern Harts Range, macroscopic folding consists of several generations of 
upright E-W trending folds with wavelengths of ~2-5 km (Ding & James, 1985; James 
& Ding, 1988). Further to the east, these folds are progressively more reclined towards 
the south. This change in orientation is accompanied by attenuation of the fold limbs, 
and which eventually merge into the shallowly-dipping Bruna Detachment Zone east of 
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the Ruby Mine (Ding & James, 1985; Lawrence et al., 1987; Mawby, 2000). Folding of 
the Naringa Gneiss in the southern Harts Range, which is only structurally a short 
distance above the Bruna Detachment Zone, is also reclined towards the south (Ding & 
James, 1985). The orientation of this folding thus appears to be a function of structural 
level, with folding at higher structural levels more upright than recumbent, attenuated 
folding near the detachment. 
 
Northwest-trending folding is exposed southeast of the Entia Dome, where it is evident 
in remotely-sensed imagery and aerial photographs (Fig. 6.20). These folds deform the 
intense layer-parallel fabric and small-scale folds developed during the later phase of 
the Larapinta Event. They are typically tight to isoclinal, with NE-dipping axial surfaces 
and lack a pervasive axial plane fabric. Narrow NE-dipping shear zones contain 
asymmetric porphyroclasts and S-C fabrics that indicate top to the SW (reverse) 
movement, dividing the area into a series of shear-bounded blocks, comprising a SW-
vergent fold and thrust belt. Further east, near Badens Camp, the character of NW 
trending folding is more upright and cylindrical, possibly reflecting development at 
higher structural levels (Fig. 6.19C). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Entia 
Dome 
HRG 
HRG 
SMC 
SMC 
Figure 6.18. Total magnetic intensity image of the eastern part of the Harts Range Metamorphic 
Complex, showing the generally NW-trending structural grain. A later E-W trending structure folds 
the NW-trending set in the northern part of the image. 
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Figure 6.19. (A) SW verging folding in the upper Stanovos Gneiss, south of Indiana Homestead 
(546528 7415354); (B) View to NNE of large-scale recumbent isoclinal fold in hillside near the Harts 
Range ruby mine; (C) Upright NW-trending fold NE of Badens Camp (588270 7428820); (D) 
Upright, E-W trending fold in Eblana Creek in the northern Harts Range (GR 486703 7449023). 
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The timing of folding with respect to the main deformational phases of the Alice 
Springs Orogeny is difficult to establish with precision, but the currently available 
geochronology allows this deformation to be broadly constrained. It is possible that the 
E-W- and NW-trending folding took place during the same event, but has been 
subsequently rotated during the formation of the Entia Dome and/or later N-S 
convergence. Fold trends are deflected around the margins of the dome, reorienting NW 
trending folding in the southeastern Harts Range to a more N-S orientation. The west-
directed thrusting in the high-strain zone exposed in Huckitta Gorge thus probably 
originally formed as part of the SW-vergent fold and thrust belt. Pegmatite dykes 
emplaced towards the end of this tectonism in Huckitta Gorge and Brett Creek have 
ages of ~355 Ma (this study, Storkey et al., in prep.). Northwest trending shear zones in 
the eastern Arunta Inlier offset E-W trending shears and faults in a dextral sense (e.g. 
Collins & Teyssier, 1989a; Fig. 1.3). Sm-Nd and U-Pb ages in the Harts Range 
Metamorphic Complex and Strangways Metamorphic Complex indicate that the E-W 
trending shear zones formed at ~380-375 Ma (this study, Bendall et al., 1998; Ballèvre 
et al., 1999), thereby constraining the timing of NW-trending folding and thrusting to 
between ~375 and 355 Ma. This implies that this folding took place during the Brewer 
Figure 6.20. Aerial photograph of part of the ‘Tourist Hills’ area ~4 km south of Indiana Homestead. 
The Stanovos Gneiss in this area is folded by a series of tight to isoclinal folds that verge to the SW. 
1 km 
N 
 
Chapter 6                                                                                                                     Alice Springs Orogeny 
 222 
Movement, and was associated with the development of the numerous small granitic 
bodies in the northeastern Harts Range. The inferred timing of NW-trending folding in 
the Harts Range Metamorphic Complex is consistent with the age of similarly oriented 
open folds in the central and western Amadeus Basin, which affect sedimentary rocks as 
young as the ~400-360 Ma Pertnjara Group. Similar NW-trending folding in the 
southern Georgina Basin (e.g. the Dulcie Syncline) affects the correlative of the 
Pertnjara Group, the Dulcie Sandstone. 
 
Aeromagnetic data indicate that the NW-trending structures are folded by an E-W 
trending structure in the northeastern Harts Range Metamorphic Complex (Fig. 6.18). 
The nature and timing of this folding is poorly-constrained, but appears to have taken 
place during the latter stages of the Alice Springs Orogeny since it overprints structures 
interpreted to have formed at ~360 Ma. Similar E-W trending folding in the 
northwestern Harts Range Metamorphic Complex could account for re-orientation of 
the NW-trending folds into a more E-W direction. 
 
6.8 Origin of the Entia Dome 
The Entia Dome is an enigmatic structural feature that dominates the outcrop pattern of 
the eastern Harts Range (Fig. 6.21). Whilst the overall structure of the Entia Dome is 
that of a basement-cored dome ~25 km in diameter, its internal structure is more 
complex, consisting of two smaller antiformal culminations, the Huckitta and Inkamulla 
domes, separated by a steeply-dipping zone ~2-3 km wide. The origin of this structure is 
poorly-understood, and has been variously interpreted to have formed during 
compression or extension, at times ranging from the Palaeoproterozoic to the 
Carboniferous. Ding (1988) considered that the dome was the result of interference 
between generations of Palaeoproterozoic NW- and NE-trending folds, however the 
lack of comparable structures at other scales argues against the dome being a fold 
interference pattern. Hand et al. (1999b) suggested that the dome might be related to 
south-vergent thrusting during the Alice Springs Orogeny, representing a carapace 
draped over an antiformal duplex stack at lower levels (Fig. 6.22). In a summary of 
geological events in the region, Teasdale & Prior (2002) considered the dome to be a 
core complex that formed by extension along the Bruna Detachment Zone during the 
Larapinta Event. 
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Figure 6.21.  Perspective view of the Entia Dome. 1:100 000 scale geological map (Shaw et al., 
1990) draped over digital elevation model. Main mass of yellow in dome - felsic gneiss; red – 
megacrystic granitic gneiss (Bruna Gneiss and Indiana Walls granite); pink – granitic gneiss; 
purple – mafic gneiss; brown – Irindina Gneiss. 
 
5 km 
Figure 6.22. Schematic cross-section of the Harts Range region from Hand et al. (1999b), adapted 
from Collins & Teyssier (1989a). 
S N 
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Recent geochronological data indicate that the doming was one of the last deformational 
events to affect the area. The doming is constrained to post-date the Larapinta Event, 
since it deforms the Early Ordovician foliation and the overprinting NW-trending folds. 
This discounts the possibility that the Entia Dome was a core complex related to 
Ordovician extension. The doming also deforms the flat-lying foliation within the Entia 
Gneiss Complex, which monazite dating indicates formed at ~335 Ma (thus study, Hand 
et al., 1999). The doming thus appears to be related to either the Mount Eclipse (330-
320 Ma) or Waite Creek (~280-270 Ma) movements of the Alice Springs Orogeny. 
 
Well-developed metamorphic zircon growth in the Huckitta Granodiorite at 332 ± 3 Ma 
indicates that temperatures were relatively high at this time (Chapter 8). This is 
consistent with 560 ˚C temperature estimates for a foliation that overprints a 330 ± 6 Ma 
pegmatite dyke nearby (Hand et al., 1999a). K-Ar, 
40
Ar/
39
Ar hornblende and Rb-Sr 
muscovite data show that cooling of much of the Entia Dome though 500 ˚C took place 
at ~330-320 Ma (Mortimer et al., 1987; Cooper et al., 1988; Foden et al., 1995; Mawby, 
2000). Older hornblende cooling ages of ~344, ~364 and ~403 Ma (Mawby, 2000) in 
the central part of the dome probably reflect the effects of excess argon since high-grade 
metamorphism affected the area at ~330 Ma. 
40
Ar/
39
Ar muscovite ages and biotite Rb-
Sr data indicate that cooling through 300 ˚C took place at ~317-298 Ma (Cooper et al., 
1988; Mawby, 2000), indicating that rapid cooling of ~10-20 ˚C/m.y. followed ~330 Ma 
metamorphism. This pattern of cooling contrasts with the rest of the southeastern 
Arunta Inlier, which did not experience significant early Palaeozoic tectonism, and had 
a much slower cooling rate of ~2-3 ˚C/m.y. throughout the Alice Springs Orogeny 
(Dunlap & Teyssier, 1995). 
 
There are no preserved syn-orogenic sedimentary rocks associated with the Mount 
Eclipse Movement, though vitrinite and conodont maturation studies (Jackson et al., 
1984; Gorter, 1984), apatite fission track data (Tingate, 1991) and K-feldspar thermal 
modelling (Shaw, 1987) suggest that at least an additional 2 km thickness of sediment 
once overlay the uppermost parts of the preserved sequence in the northern Amadeus 
Basin. This inferred sedimentation probably represents the detritus shed from the 
orogen during the Carboniferous as it was exhumed and uplifted. Detrital zircon data 
from the Dulcie Sandstone in the Georgina Basin indicate that there had been no 
exhumation of basement from beneath the basin by ~365 Ma (Chapter 3). This is 
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consistent with the isotopic data which indicate that most uplift took place during the 
Carboniferous. 
 
The Mount Eclipse Movement thus appears to have been associated with significant 
exhumation, with the earliest phases associated with the formation of a flat-lying 
foliation within the Entia Gneiss Complex. The formation of symplectitic overgrowths 
on garnet during the late stages of fabric development (Arnold et al., 1995; Mawby et 
al., 2000) are also consistent with decompression and exhumation at this time. The 
Entia Dome probably formed during this phase of tectonism, generating ~4-5 km of 
structural relief between the central and outer parts of the dome. The formation of a flat-
lying foliation associated with rapid decompression and doming is more consistent with 
an extensional rather than convergent setting for this phase of tectonism. A possible 
driver for extensional deformation at this time might have been gravity induced collapse 
of the Alice Springs orogen at the end of the orogenic cycle. 
 
6.9 Conclusions 
The geochronological data presented here, in conjunction with existing data, allow a 
framework to be constructed for the structural and metamorphic evolution of the Alice 
Springs Orogeny in the Harts Range region. Pegmatite intrusion into an E-W trending 
shear zone in the northern Harts Range took place during the Pertnjara Movement at 
373 ± 3 Ma, at a similar time to other E-W trending shear zones in the Strangways 
Metamorphic Complex. These shears are overprinted by NW trending structures related 
to the development of a SW-verging fold and thrust belt during the Brewer Movement 
at ~370-360 Ma. Diachronous cooling in the Harts Range during the Alice Springs 
Orogeny is possibly related to a thermal pulse at this time, which resulted in the 
emplacement of numerous small granitic bodies in the northeastern Harts Range at ~360 
Ma. A pervasive flat-lying foliation formed in the Entia Dome at ~335 Ma as part of the 
Mount Eclipse Movement, which was associated with rapid cooling and exhumation. 
The Entia Dome formed towards the end of this tectonism, possibly in an extensional 
setting resulting from the collapse of the overthickened orogen at the end of 
convergence. 
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Chapter 7 
 
Potential field modelling 
 
 
 
7.1 Summary 
Potential field modelling of gravity and magnetic data for the Harts Range Metamorphic 
Complex was carried out to test whether the prominent linear gravity high in the region 
might be due to a thick sequence of the Harts Range Group or a large mafic igneous 
body at depth. Modelling of the data was not able to discriminate between these 
alternatives, with both possibilities able to be satisfactorily modelled. If the Harts Range 
Group is the main source of the gravity anomaly, the modelling indicates that its 
maximum thickness is preserved to the north and east of the Harts Range, where it 
probably extends to a depth of up to 20 km. If the anomaly is the result of a large mafic 
mass, then it is constrained to be a linear body ~10-20 km wide at a depth of 10-20 km. 
In either case, a significant amount of mafic material must exist at depth, consistent 
with the interpreted extensional setting for the Stanovos and Larapinta Events. The 
ambiguity of the potential field modelling emphasises the need for multiple hypotheses 
to be considered when modelling geophysical data.  
 
 
7.2 Introduction 
Modelling of potential field (magnetic and gravity) geophysical data can provide 
valuable constraints on 3-dimensional geometry and crustal composition, particularly in 
areas of poor outcrop. Potential field modelling has been carried out along three 
transects in the Harts Range region to constrain the geometry and evaluate the possible 
sources of a prominent linear gravity high (Figs. 7.1, 7.2). This gravity anomaly trends 
WNW and is coincident with the outcrop of the Harts Range Group east of the Harts 
Range, suggesting that it might be related to the formation of the Irindina Sub-basin. If 
convergence during the Alice Springs Orogeny did not completely invert the sub-basin, 
then it is possible that the anomaly might be due to a relatively thick column of the 
Harts Range Group. Another possibility is that the anomaly is due to an elongate mafic 
body at depth, which might represent rift-related volcanism or mafic underplating. It 
was hoped that potential field modelling of this anomaly would be able to discriminate 
between these alternatives. 
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7.3 Methodology 
The reliability of potential field modelling is dependent upon the number of variables 
that can be constrained, since there are effectively an infinite number of possible 
geological solutions for a given potential field dataset. Some of the more important 
variables include: 
 
1) Rock magnetic properties (magnetic susceptibility, remanence and remanence 
direction). These can be accurately measured from oriented samples in a laboratory or 
the susceptibility measured in the field using a hand-held magnetic susceptibility meter. 
Although the most accurate measurements are obtained from laboratory measurements, 
hand-held susceptibility meters have the advantage that measurements are quick and 
straightforward, allowing many more samples to be analysed. However hand-held 
susceptibility meters are unable to measure remanence, which can influence the 
measured total magnetic intensity. 
 
2) Rock density. This can be measured from hand specimens or estimated from 
lithology. It is important to recognise that surface samples may have a slightly lower 
density and magnetic susceptibility than those at depth due to the effects of weathering. 
 
3) The position and approximate geometry of major structures and lithological 
boundaries. It is important to have a framework as a basis upon which construct a 
model. This initial framework can then be tested and modified as necessary. Much of 
this information is derived from fieldwork, but the positions of major structures beneath 
cover can be determined from geophysical imagery. 
 
4) The relative proportions of lithologies in a rock unit. When modelling on a regional 
scale, rock packages are modelled using rock properties that are an average of 
component lithologies. Thus the estimated relative proportions of lithologies within a 
package is an important limitation on the accuracy of a model. The inherent uncertainty 
in defining 'average' rock properties for a package will often be significantly greater 
than the uncertainties associated with the rock properties of an individual lithology. The 
difficulty in estimating the bulk properties of a package is particularly evident where 
there are numerous units with significantly different properties or where the proportions 
of component units varies across a package. 
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In this study, modelling was carried out using the Encom ModelvisionPro v.4.5 
software package. Magnetic data were extracted from a levelled TMI grid of the 
Northern Territory provided by the Northern Territory Geological Survey. Gravity data 
were provided by Geoscience Australia. The regional scale of the modelling meant that 
the magnetic data were only modelled to a first order fit, since much of the higher-
wavelength variability is caused by near-surface bodies and local variation within 
geological units. The gravity data reflect a larger depth ‘average’ of crustal composition 
and hence were more closely modelled. 
 
7.4 Rock Properties 
Magnetic susceptibility and natural remanent magnetisation (NRM) measurements were 
collected for rocks from the eastern Arunta Inlier and Harts Range Group by Whiting 
(1987) as part of a magnetic interpretation of the region. These data, supplemented by 
hand-held magnetic susceptibility meter measurements made in the field as part of this 
study, have been used to characterise the magnetic properties of the major lithological 
associations. Density values have been derived from unpublished density measurements 
of rocks from the eastern Arunta Province (R. Shaw, pers. comm.), and inferred from 
standard tables of rock densities. 
 
7.4.1 Strangways Metamorphic Complex, Oonagalabi Metamorphic Complex and 
eastern Arunta Inlier 
The magnetic susceptibilities of the high-grade metamorphic rocks of the Strangways 
Metamorphic Complex and equivalents in the eastern Arunta Inlier are variable, but 
commonly relatively high, with values ranging between ~0.1 to ~100 x 10
-3
 SI. 
Quartzofeldspathic gneisses tend to have the lowest susceptibilities, (0.05-10 x 10
-3
 SI), 
biotite gneisses moderately high values (1-50 x 10
-3
 SI) and mafic granulites the highest 
susceptibilities (10-50 x 10
-3
 SI). Gneisses in the Oonagalabi area have moderate to high 
median NRM (960-7400 mA/m), with a scattering of NRM directions, which tends to 
minimise its effect on the observed regional magnetic anomalies. The bulk density of 
these rocks is difficult to estimate given the widely varying densities of the constituent 
lithologies, which range from mafic granulite to quartzofeldspathic gneiss. The 
predominance of quartzofeldspathic gneiss and metasediments suggests a density of 
~2.65-2.75 g/cm
3
 is a reasonable estimate. 
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7.4.2 Entia Gneiss Complex and reworked Strangways Metamorphic Complex 
The Entia Gneiss Complex has a generally low magnetisation (typically 0.1-1.0 x 10
-3
 
SI), which contrasts with the higher magnetisation of the Strangways Metamorphic 
Complex. An exception occurs in the large low-strain domain near Huckitta Bore in the 
southeastern Entia Dome, where aeromagnetic data indicate that unstrained mafic 
intrusives have a relatively high susceptibility. This implies that the Palaeozoic 
reworking that formed the pervasive flat-lying fabric in the Entia Gneiss reduced its 
magnetisation, and was possibly related to the fluid flow event that generated the 
unusual metasomatic mineral assemblages found in metapelitic units of the Entia Gneiss 
Complex. An isolated area of high magnetisation in the northwestern Entia Dome might 
also represent a domain of lower-strain, similar to the mega-boudin near Huckitta Bore. 
Reworked Palaeoproterozoic gneisses in the Alooarjara Range to the SE of the Harts 
Range have a range of magnetisation, with the lowest values occurring in the area of 
most intense reworking southwest of Rockhole Dam. 
 
The Entia Gneiss Complex has low NRM intensities (10-57 mA/m) with essentially 
random orientations, and thus remanence is not considered to have a significant affect 
on the intensity or shape of magnetic anomalies. The bulk density of the Entia Gneiss 
Complex is lower than that of the Strangways Metamorphic Complex due to the higher 
proportion of quartzofeldspathic gneiss and relatively small amount of metabasite, and 
is interpreted to be ~2.65 g/cm
3
. 
 
7.4.3. Palaeoproterozoic rocks of the Jervois area 
Palaeoproterozoic basement rocks in the Jervois homestead area to the north of the 
Harts Range Metamorphic Complex consist of metasediments, quartzofeldspathic 
gneiss and metabasite, with a wide range of magnetic susceptibilities. Values range 
from as low as 0.01 x 10
-3
 SI in quartzofeldspathic gneiss to as high as 100 x 10
-3
 SI in 
banded iron formation, schist and calc-silicate rock. A bulk density of 2.70-2.75 g/cm
3
 
was used as a first approximation given the wide range of rock types. 
 
7.4.4 Harts Range Group 
Aeromagnetic data and magnetic susceptibility measurements show that the Harts 
Range Group is dominated by rocks with very low magnetisation, with occasional linear 
magnetic anomalies of higher magnetisation. Most lithologies have a narrow range of 
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susceptibility, typically between 0.1-1.0 x 10
-3
 SI. A few metapelites have higher 
susceptibilities (up to ~10 x 10
-3
 SI) and generate narrow curvilinear magnetic 
anomalies. There is a wide range of NRM intensities, but as with the Strangways 
Metamorphic Complex, the random scattering of NRM directions means that remanence 
is not a significant influence on the total magnetic intensity. 
 
The density of the Harts Range Group is higher than that of the underlying Entia Gneiss 
Complex, having a high proportion of metabasite, biotite gneiss and calc-silicate rock. 
The interpreted bulk density is heavily dependent upon the interpreted proportion of 
metabasite in the sequence, which appears to be ~30% in the Harts Range. 
Consequently, a density of ~2.85 g/cm
3 
has been used in this area. Although the Harts 
Range area contains a significant volume of metabasite, no outcrops of metabasite have 
been identified in the large area east of the Harts Range. This might be due in part to the 
relatively small amount of outcrop in this area, but the absence of any recorded 
occurrences suggests that metabasite forms only a minor component of the sequence in 
this area, implying a lower bulk density for the Harts Range Group east of the Harts 
Range of ~2.7-2.8 g/cm
3
. 
 
7.4.5 Linear magnetic anomalies 
Linear magnetic anomalies delineate the northwest-trending folding in the Harts Range 
Group east of the Harts Range and truncations of these anomalies reveal the position of 
major northwest-trending shear zones. Although some of these anomalies might reflect 
lithological layering, a few appear to crosscut other magnetic features and possibly 
represent shear zones. An example occurs in the Mallee Bore area, where folded linear 
anomalies occur with strike lengths of up to ~60 km (Fig. 7.1). These anomalies are 
sub-parallel to lithological layering, but show a low-angle discordance with smaller 
anomalies. A similar linear anomaly occurs near the southeastern margin of the Entia 
Dome. This anomaly has a NW-SE trend, sub-parallel to lithological contacts, and has a 
right-stepping en-echelon form at its southeastern end (Fig 7.2) A sample of magnetic 
metasediment at the northwestern end of the anomaly, ~4 km ENE of Atnarta Dam (GR 
528895 7428940), has a mylonitic fabric indicating top to the west (reverse) movement. 
The shearing overprints garnet-bearing quartzofeldspathic lenses and in thin section 
consists of mylonitic garnet, prismatic sillimanite, biotite and quartz. Magnetite occurs 
as interstitial masses between garnet porphyroclasts and in pressure shadows (Fig. 7.3). 
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Figure 7.2. Linear magnetic anomaly within the Harts Range Metamorphic Complex in 
the Rockhole Bore area, southeast of the Entia Dome. The anomaly has an en-echelon 
form and appears to truncate magnetic features in the northwest. In this area, the anomaly 
is represented by a high-strain zone in which magnetite occurs within pressure shadows 
of garnet porphyroclasts, suggesting that it formed during shearing. 
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Figure 7.1. Total magnetic intensity image of the northwestern Harts Range Metamorphic 
Complex near Mallee Bore. Folded linear anomalies crosscut and truncate other magnetic 
features and possibly represent magnetic shear zones. Arrows indicate possible truncated units. 
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Although the interpreted structural control on these anomalies is important for 
interpreting aeromagnetic imagery, they do not significantly affect the bulk 
magnetisation of the Harts Range Group and are too narrow to be modelled at the 
regional scale. 
 
 
Figure 7.3. Photomicrographs of mylonitic garnet-biotite-sillimanite gneiss from the 
northwestern end of the magnetic anomaly shown in Fig. 7.2 (PPL). Magnetite occurs as 
inclusions within garnet and also in the pressure shadows of garnet porphyroclasts, indicating 
that magnetite formed during deformation.  
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7.5 Results 
The NNE-trending Line 1 transects the western part of the Harts Range Metamorphic 
Complex, intersecting the western edge of the Entia Dome and the lower amplitude 
northwestern end of the gravity anomaly (Fig. 7.4). Lines 2 and 3 trend more 
northeasterly and intersect the main part of the gravity anomaly (Fig. 7.7). Two models 
were constructed for both lines 2 and 3 to evaluate two possibilities: (1) that the gravity 
anomaly is due to a significant thickness of the Harts Range Group, which might 
represent the preserved remnants of the Irindina Sub-basin, or (2) that the anomaly is 
due to a large mass of mafic intrusives in the mid-crust, which might represent a mafic 
‘keel’, similar to those found at the base of continental rifts (e.g. Allen et al., 1995). 
Line 1 was modelled as part of a scoping project for a potential seismic line in 
collaboration with Tony Meixner of Geoscience Australia (Meixner et al., 2002) and did 
not produce a model for a deep mafic body, although the possibility was examined.  
 
7.5.1 Line 1 
Line 1 runs approximately N-S from the Georgina Basin across the Harts Range 
Metamorphic Complex and Strangways Metamorphic Complex to the Amadeus Basin 
in the south. The results of the modelling shown in Figure 7.6 
 
The total magnetic intensity is generally high in the south, decreasing by ~1500 nT 
northwards towards the Entire Point Shear Zone. The broad magnetic gradient appears 
to be the result of the moderately north-dipping Illogwa Shear Zone, which separates 
the magnetic Strangways Metamorphic Complex and the weakly magnetic Entia Gneiss 
Complex. The lowest magnetic intensity occurs directly to the south of the Entire Point 
Shear Zone. The observed intensity is lower than can be modelled with non-magnetic 
crust in this area, suggesting that these rocks might have a component of magnetic 
remanence. 
 
 
 
 
 
 
 
A 
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Figure 7.5. Schematic cross section through the approximate position of Line1, from Scrimgeour 
& Raith (2001), used as a starting point for generating the potential field model. 
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Figure 7.4. Location of line 1 on (A) total magnetic intensity image and (B) Bouguer gravity 
image. 
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The main feature in the gravity profile is a ~300 gu positive anomaly centred on the 
Entire Point Shear. The southern part of the line is characterised by a broad gravity low 
and the northern part by a regional high. The central gravity anomaly is unable to be 
modelled as the result of a single dense body in either unit and requires dense crust on 
both sides of the Entire Point Shear. This can be modelled as a significant thickness of 
the Harts Range Group to the south of the shear and relatively dense 
mafic/metasedimentary units in the Kanandra Granulite to the north. Deep mafic bodies 
of various size and depth were also evaluated, but were considered unlikely sources 
since the wavelength of the anomaly generated by such bodies was much broader than 
that observed. 
 
The thickness of the modelled Harts Range Group is dependant upon the interpreted 
proportion of mafic rocks within the package. Using a proportion similar to that 
observed in the Harts Range yields a preserved thickness of ~10 km in the poorly 
exposed area immediately north of the Harts Range. This thickness can vary by ~5 km 
by varying the proportion of mafic units within the sequence. The relatively low gravity 
observed in the Harts Range indicates that the Harts Range Group forms a thin veneer 
over the relatively low-density Palaeoproterozoic basement gneisses. This is consistent 
with the presence of numerous structural windows of the Bruna Gneiss within the Harts 
Range Group in this area. The low observed gravity in the Strangways Metamorphic 
Complex to the south of the Harts Range suggests that felsic gneiss is the dominant 
lithology on a crustal scale. 
 
The modelling indicates that if there is a significant preserved thickness of the Harts 
Range Group, then it occurs to the north of the Harts Range rather than in the well-
exposed area in the range itself. This would imply that the Entire Point Shear and an 
unidentified structure to the north of the Harts Range might have been the main basin-
bounding structures, that were subsequently reactivated during shortening and basin 
inversion. 
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Figure 7.6. Potential field model of Line 1. ISZ: Illogwa Shear Zone; EPSZ: Entire Point Shear 
Zone; DSZ: Delny Shear Zone. The small grey polygon towards the centre of the line reflects a 
highly magnetised and dense body (mafic boudin?) immediately west of the section, modelled as 
an ‘off-line’ body. 
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7.5.2 Line 2 
Line 2 strikes NNE from the Amadeus Basin to the Georgina Basin, crossing highly 
magnetised rocks of the Strangways Metamorphic Complex and the weakly magnetised 
rocks of the Harts Range Metamorphic Complex (Fig. 7.7). It intersects the main linear 
gravity anomaly near its point of maximum amplitude (~400 gu). 
 
The transect crosses a poorly-exposed, highly magnetised belt of rocks that are 
interpreted to be the strike equivalents of a belt of the Strangways Metamorphic 
Complex that crops out in the Alooarjara Range southeast of the Harts Range (Chapter 
8). The high frequency of the magnetic data indicate that these rocks are not deeply 
buried beneath cover and have been modelled as a steeply dipping mass. Further to the 
south, a northerly-decreasing gradient in the magnetic intensity appears to be related to 
the interpreted extension of the N-dipping Illogwa Shear Zone, which juxtaposes 
magnetised basement to the south with weakly magnetised basement to the north. 
 
A broad zone of low magnetic intensity coincides with the main gravity high and 
scattered outcrops of the Harts Range Group east of Badens Camp. The low gravity on 
the flanks of the linear gravity high indicate that the Harts Range Group forms a 
relatively shallow layer over much of this area. As with line 1, the thickness of this 
package is dependant on the assumed proportion of high-density lithologies in the 
Georgina Basin 
HRG 
SMC 
SMC 
Amadeus 
2 3 
Georgina Basin 
HRG 
SMC 
SMC 
Amadeus 
2 3 
Figure 7.7. Location of lines 2 and 3 on (A) total magnetic intensity and (B) Bouguer gravity images. 
HRG: Harts Range Group; EGC: Entia Gneiss Complex; SMC: Strangways Metamorphic Complex 
and equivalents.  
A B 
EGC EGC 
50 km 50 km 
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sequence. Low density, generally weakly magnetised rocks are constrained to underlie 
much of the eastern part of the Harts Range Metamorphic Complex, and are possibly 
equivalents of the Entia Gneiss Complex, which has a similar geophysical signature. 
 
The main gravity high is able to be modelled as either a significant thickness of 
relatively high-density Harts Range Group or a mafic body at mid-crustal levels, with 
only a thin cover sequence of the Harts Range Group (Figs. 7.8, 7.9). The low magnetic 
intensity in the area of the gravity anomaly indicates that if a mafic body is present at 
depth, it is not strongly magnetised, either as a result of compositional factors such as its 
oxidation state, or because the temperature at that depth is above the Curie Point. 
 
 
7.5.3 Line 3 
Line 3 crosses the highly magnetised belt of basement gneiss south of the Harts Range 
Metamorphic Complex and an area of generally weakly magnetised basement to the 
northeast (Fig. 7.7). The block of basement gneiss northeast of the Harts Range 
Metamorphic Complex has a weak bulk magnetisation and a low density, producing a 
prominent gravity low. These properties are similar to those of the Entia Gneiss 
Complex, suggesting that this block of reworked basement extends at least 100-150 km 
east of the Harts Range. The highly magnetised block to the south of the Harts Range 
Metamorphic Complex has a higher density than that to the north, and is similar to the 
gneisses of the Strangways Metamorphic Complex. 
 
The main gravity high in this area can be modelled as a northerly-dipping wedge of 
Harts Range Metamorphic Complex that extends to lower-crustal levels (Fig. 7.10). 
However, the anomaly can be equally well modelled to be the result of a large mafic 
body at mid-crustal depths (Fig. 7.11). There are currently too few constraints to 
discriminate between these two possibilities. 
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Figure 7.8. Potential field model for line 2, modelling the central gravity anomaly as a result of a thick 
sequence of the Harts Range Metamorphic Complex. 
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Figure 7.9. Potential field model of line 2, modelling the central gravity anomaly to be primarily due to 
a large mafic body at depth. 
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Figure 7.10. Potential field model of Line 3, modelling the source of the main gravity anomaly 
as a thick wedge of the Harts Range Metamorphic Complex. Distance units are in metres. 
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Figure 7.11. Potential field model for line 3, modelling the central gravity anomaly as primarily a result 
of a large mafic body at depth. 
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7.6 Discussion 
The potential field modelling does not resolve whether the source of the major gravity 
anomaly in the eastern Arunta Province is a large thickness of the Harts Range 
Metamorphic Complex, a mafic body at depth, or combination of both. Both end 
members can be modelled to fit the observed data, though it would appear unlikely that 
the Irindina Sub-basin has preserved its original thickness during basin inversion. In 
either case, the intensity of the gravity anomaly indicates that a large amount of mafic 
material occurs in a linear zone to the east of the Harts Range, beneath the outcropping 
HRG. This implies that a significant volume of mafic magmatism accompanied the 
formation of the Irindina Sub-basin. 
 
Although the geophysical data do not uniquely constrain the source of the gravity 
anomaly, they do provide information about the nature of the poorly exposed basement 
regions to the east of the Harts Range. The low density, weakly magnetised rocks to the 
northeast of the Harts Range Metamorphic Complex have the same geophysical 
characteristics as those in the Entia Gneiss Complex, suggesting that they might be part 
of the same package. Rocks with higher magnetic susceptibility and density to the north 
and south are more typical of the unaltered Strangways Metamorphic Complex and are 
probably correlatives of units that crop out to the west. 
 
The results of this study show that it is important to consider and model more than one 
possibly geometry when modelling potential field data. Although it is often possible to 
generate a model that is consistent with the geophysical observations, it will often be the 
case that other configurations can also be satisfactorily modelled. It is by comparing 
between these alternatives and their associated assumptions that the robustness of a 
model can be assessed. 
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Chapter 8 
 
Geochronology of Palaeoproterozoic 
basement to the Harts Range Group 
 
 
8.1 Introduction 
This chapter presents geochronological data for Palaeoproterozoic rocks of the eastern 
Arunta Inlier that form basement to the Harts Range Group. The results are presented in 
two parts. The first part documents ages for basement gneisses adjacent to and 
intercalated with the Harts Range Group. These gneisses typically show little evidence 
of Palaeozoic isotopic resetting and constrain the spatial extent of the Harts Range 
Group and Larapinta Event. The second part presents U-Pb zircon data that constrain 
the depositional and metamorphic history of a Palaeoproterozoic supracrustal cover 
sequence northwest of the Harts Range. Detrital zircon data were gathered for a sample 
of the cover sequence to evaluate whether it might be part of the Harts Range Group, 
but instead show that it was deposited between two high-grade metamorphic events and 
reveal important information about the nature of tectonism during the Strangways 
Orogeny. Follow-up work was carried out to more fully evaluate the tectonothermal 
history of this area. 
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Figure 8.1. Location of samples of Palaeoproterozoic basement adjacent to and within the Harts Range 
Metamorphic Complex. 
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8.2 Quartzofeldspathic gneisses 
8.2.1 Watsons Creek megacrystic gneiss (sample 2001080259) 
Quartzofeldspathic megacrystic gneiss occurs within an area mapped as Irindina Gneiss 
in the northern Harts Range, ~2.5 km SW of Atitjere (Figs. 8.1, 8.2A; GR 491723 
7450906) (Shaw et al. 1990). The host rocks to the megacrystic gneiss consist of 
migmatitic quartzofeldspathic gneiss which is intruded by a series of mafic dykes. The 
mafic dykes are commonly migmatitic and associated with zones of partial melting that 
possibly represent back-veining (Fig. 8.2B,D). Both the dykes and the migmatitic 
foliation in the quartzofeldspathic gneisses are tightly folded by east-west trending folds 
interpreted to have formed during the Alice Springs Orogeny (Fig. 8.2C). Undeformed 
garnet-plagioclase symplectites overprint the gneissic foliation, evidence of late-stage 
metamorphism. Largely undeformed pegmatite dykes crosscut the folded foliation (Fig 
8.2D). They are likely to have been intruded after ~365 Ma, based on the ages of 
pegmatites with similar structural relationships in Brett Creek, ~3 km to the east (c.f. 
Storkey et al., in prep.). 
 
The megacrystic gneiss consists of coarse-grained K-feldspar, quartz, plagioclase, 
biotite and minor garnet. In low-strain domains the K-feldspar megacrysts form 
euhedral phenocrysts ~5 cm in size and have a rapakivi texture, mantled by a rim of 
fine-grained plagioclase (Fig. 8.2A). Zircon from the gneiss consists of clear to slightly 
turbid, relatively stubby subhedral grains with aspect ratios of ~2-3 that range up to 
~300 µm in size. In CL imagery most grains consist of oscillatory-zoned zircon 
surrounded by a variably developed textureless overgrowth of moderate intensity up to 
40 µm thick (Fig. 8.3A). A few of the oscillatory-zoned grains contain cores of earlier 
zircon and a significant number show evidence of recrystallisation, with convolute 
zoning patterns similar to those seen in the granitoids in the upper Stanovos Gneiss (Fig. 
8.3B). These areas of recrystallisation were avoided during analysis. 
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A
 
C
 
B
 
D
 
Figure 8.2. (A) Rapakivi-textured megacrystic gneiss, Watsons Creek (GR 491723 7450906); (B) 
Felsic melt zone in metabasite (GR 491723 7450906); (C) Mafic dyke in quartzofeldspathic gneiss 
folded and boudinaged by tight to isoclinal ENE-trending folds (GR 491742 7450965); (D) 
Undeformed pegmatite dyke crosscutting felsic gneiss and metabasite (GR 491742 7450965). 
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Fourteen analyses of oscillatory-zoned zircon, 6 analyses of structureless overgrowths 
and 3 analyses of older cores are listed in Table 8.1 and plotted in Fig. 8.4. The 
oscillatory-zoned zircon has a moderate U content of 154-783 ppm and Th/U of 0.17-
1.03, and formed a concordant cluster at ~1.74 Ga. Discarding one discordant analysis 
yields a population of 13 analyses with a 
207
Pb/
206
Pb age of 1744.4 ± 5.7 Ma (MSWD = 
1.61). This age indicates that the megacrystic gneiss and its quartzofeldspathic host 
rocks are not part of the Harts Range Group, but instead part of the basement gneisses 
of the Entia Gneiss Complex. The age of the orthogneiss is indistinguishable from that 
of the lithologically similar Bruna Gneiss (Cooper et al., 1988), suggesting that the two 
Figure 8.3. CL images of zircon from megacrystic gneiss in Watsons Creek. (A) Grains showing 
multiple generations of zircon growth; (B) Grains showing relatively bright, textureless overgrowths 
and cores with convolute zoning suggestive of recrystallisation. 
A 
B 
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units are related. However, the lack of hornblende and the presence of garnet 
distinguishes the megacrystic gneiss from the ‘typical’ Bruna Gneiss, possibly 
indicating that the two are not direct equivalents. The 3 cores analysed yield ages of 
1856 ± 6, 1800 ± 20 and 1798 ± 36 Ma, consistent with melting of a source in the 
Strangways Metamorphic Complex. 
 
 
 
 
 
 
 
 
The six zircon overgrowths able to be analysed have low to moderate U content (76-665 
ppm) and Th/U of 0.03-0.52. The analyses have equal 
207
Pb/
206
Pb within error and yield 
a weighted mean age of 1713 ± 18 Ma (MSWD = 0.33). Although the age is relatively 
imprecise, it indicates that the gneiss was metamorphosed during the ~1740-1720 Ma 
Late Strangways Event. There is no evidence of Palaeozoic metamorphism, and this 
basement block thus is likely to have been juxtaposed with the Harts Range Group 
during the early stages of the Alice Springs Orogeny. 
Figure 8.4. Tera-Wasserburg concordia plot of zircon U-Pb data from megacrystic 
quartzofeldspathic gneiss in Watsons Creek. Dark-grey ellipses are cores, medium grey ellipses are 
of oscillatory-zoned zircon and light ellipses are textureless overgrowths. 
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Similar exposures of felsic gneiss, megacrystic gneiss and mafic dykes to those in 
Watsons Creek occur in Eblana Creek, ~6 km to the west of Watsons Creek, and appear 
to be part of the same basement complex. These gneisses have a generally high 
magnetic susceptibility, which is rare in the Harts Range Group, but common in 
Palaeoproterozoic basement units. The interlayered felsic and mafic gneisses are similar 
to those of the Entia Gneiss and interpreted to be equivalents. A similar unit with high 
magnetisation in the western Harts Range near Kong Bore possibly represents another 
basement inlier. 
 
8.2.2 Megacrystic gneiss, Rockhole Dam (sample 2001080155) 
Megacrystic quartzofeldspathic gneiss similar to that found at Watsons Creek occurs ~2 
km NNW of Rockhole Dam in the southeastern Harts Range (GR 532850 7413560). 
The gneiss crops out within a narrow shear-bounded E-W-trending belt a few hundred 
metres wide bounded to the north by metapelite of the Irindina Gneiss and to the south 
by amphibolite of the HRMIC. The megacrystic gneiss is variably deformed, and in 
low-strain zones preserves and igneous texture, consisting of euhedral K-feldspar 
phenocrysts up to ~8 cm in size within a quartz, plagioclase, K-feldspar and biotite 
matrix with minor garnet. It contains numerous metasedimentary xenoliths that range 
from a few cm to ~1 m in size and intruded a metasedimentary and quartzofeldspathic 
host that had experienced deformation prior to intrusion (Fig. 8.5C). Feldspar-phyric 
and fine-grained equigranular mafic dykes intrude the megacrystic gneiss (Fig. 8.5D), 
with the equigranular dykes appearing to post-date the feldspar-phyric dykes, based on 
intrusive relationships exposed in a loose block. 
 
Zircon from the gneiss consists of clear to turbid, stubby, subhedral grains up to ~300 
µm long, with aspect ratios of ~2-3. In CL imagery, most grains consist of relatively 
dark, oscillatory-zoned zircon, with a few containing small cores. Many grains have an 
irregular, structureless, moderate-intensity overgrowth up to ~30 µm thick, which in 
some cases forms embayments in the oscillatory-zoned zircon. A significant proportion 
of grains have areas of convolute zoning, indicative of partial recrystsallisation. 
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A
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D
 
Figure 8.5.  (A) Unstrained megacrystic granite near Rockhole Dam with K-feldspar phenocrysts to ~10 
cm (GR 532865 7413693); (B) Highly-strained megacrystic gneiss near (A); (C) Megacrystic gneiss 
intruding host rock that shows evidence of deformation prior to intrusion (GR 532850 7413560); (D) 
Fine-grained equigranular mafic dyke in megacrystic gneiss (GR532898 7413565).  
d
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Nineteen analyses of oscillatory-zoned zircon and 7 analyses of zircon overgrowths are 
listed in Table 8.2 and plotted in Fig. 8.8. The oscillatory-zoned zircon has a moderate 
U content (averaging ~200-500 ppm) and Th/U of 0.13-0.70. The overgrowths have a 
similar range in U content (207-596 ppm) and a variable, but on average lower Th/U 
(0.03-0.44). The ages of the overgrowths are indistinguishable from those of the 
oscillatory-zoned zircon and combined define a relatively well-constrained discordant 
array (MSWD = 1.15), with an upper intercept at 1745.5 ± 5.7 Ma and a lower intercept 
at 461 ± 14 Ma (Figs. 8.8, 8.9). The upper intercept age is interpreted as the 
approximate crystallisation age of the megacrystic gneiss, and is indistinguishable from 
that of both the Watsons Creek orthogneiss and the Bruna Gneiss. A single concordant 
overgrowth at ~474 Ma strongly influences the lower intercept age, which is interpreted 
to reflect the variable recrystallisation and isotopic resetting of magmatic zircon during 
metamorphism. The textureless zircon overgrowths might thus represent the partial 
recrystallisation of the magmatic zircon during metamorphism rather than new zircon 
growth. This metamorphism probably took place during the Larapinta Event, however 
Figure 8.6. CL image of zircon from the megacrystic gneiss near Rockhole Dam. Most grains consist of 
oscillatory-zoned zircon, with a few containing cores and some having textureless zircon overgrowths, 
that form embayments in the oscillatory-zoned zircon. 
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the relatively large uncertainty in this age means that it is also possible that 
metamorphism occurred during the ~450 Ma Rodingan Movement, when the basement 
and cover sequences were juxtaposed. 
 
 
 
 
 
A 
B 
Figure 8.7. CL images of complexly textured zircon from megacrystic gneiss near Rockhole Dam. (A) 
Grain with Palaeoproterozoic core and Palaeozoic overgrowth. The slightly higher age of 530 Ma 
appears to be due to slight overlapping of the analysis spot onto the core, resulting in a mixed age. (B) 
Complex zircon consisting of a low-U core mantled by two texturally distinct overgrowths. Ages are 
207
Pb/
206
Pb ages. All three analyses are highly discordant, showing variable degrees of isotopic resetting 
during the Ordovician metamorphic event that formed the overgrowth in (A). 
1732 ± 11 
1739 ± 13 
1447 ± 128 
1649 ± 11 
1563 ± 23 
474 ± 6 
530 ± 6 
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Figure 8.8.  Tera-Wasserburg concordia plot of zircon U-Pb data from megacrystic quartzofeldspathic 
gneiss NNW of Rockhole Dam. A regression line defines upper and lower intercepts that are 
interpreted as the times of crystallisation and metamorphism respectively. 
Figure 8.9. Tera-Wasserburg concordia plot of zircon U-Pb data from megacrystic gneiss NNW of 
Rockhole Dam, showing detail of core analyses (dark) and overgrowths (light) near upper concordia 
intercept. 
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Figure 8.10. (A) Quartzofeldspathic gneiss, Alooarjara Range (GR 535587 7406890); (B) 
Photomicrograph of gneiss in (A), cross-polars; (C) Queenie Flat Granite at Queenie Flat Dam (GR 
477793 7477240); (D) Granite tors ~20 km NW of Atula Homestead (GR 616791 7440360). 
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8.2.3 Quartzofeldspathic gneiss, Alooarjara range (sample 2001080176) 
An arcuate belt of metasediments and meta-igneous rocks crops out as a NW-SE to E-W 
trending range of hills in the southeastern Harts Range, informally referred to here as 
the Alooarjara range (Fig. 8.1). This belt is dominantly comprised of biotite gneiss, 
amphibolite, quartzofeldspathic gneiss and mafic granulite, and was considered to be 
part of the Harts Range Group in regional 1:100 000 scale mapping (Shaw et al., 1990). 
However the ‘Alooarjara belt’ has a variable, but generally high magnetisation, which 
distinguishes it from the Harts Range Group, and was interpreted by Ding (1988) to be a 
zone of reworked Strangways Metamorphic Complex basement. 
 
A sample of quartzofeldspathic gneiss was dated from the central part of the Alooarjara 
belt (GR 535587 7406890) to evaluate whether these rocks were part of the cover or 
basement sequences and to look for evidence of reworking during the Larapinta Event. 
The gneiss consists of quartz, biotite, plagioclase, K-feldspar, garnet and orthopyroxene 
with a well-developed, NE-dipping  foliation (Figs. 8.10A,B). Zircon from the gneiss 
consists of equant to stubby subhedral grains up to ~200 µm long, many with mineral 
inclusions and fractures. Most grains have modified or multi-faceted crystal faces, 
consistent with a metamorphic origin. In CL imagery, the zircon grains are remarkably 
uniform, consisting of a relatively dark, oscillatory- or concentrically-zoned core 
surrounded by a bright, textureless overgrowth up to ~100 µm thick (Fig. 8.11). 
 
Twenty-two analyses of zircon cores and 15 analyses of overgrowths are listed in Table 
8.3 and plotted in Fig. 8.12. The cores have moderate U contents (averaging 300-500 
ppm) and a typical Th/U of 0.5-0.7. The analyses form a concordant cluster at ~1.6 Ga, 
with a single discordant analysis (36.1) having a slightly lower age. Excluding this 
analysis leaves a group of 21 analyses with equal 
207
Pb/
206
Pb within error that yield an 
age of 1759.9 ± 4.4 Ma (MSWD = 1.10), interpreted as the crystallisation age of the 
felsic gneiss. This age indicates that the Alooarjara belt is part of the basement 
sequence, with a similar age to quartzofeldspathic orthogneisses from the Entia Gneiss 
Complex (Cooper et al., 1988; this study). 
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Figure 8.11. CL image of zircon from quartzofeldspathic gneiss in the Alooarjara range. The cores have 
a uniform low intensity and zoning pattern, and are interpreted as igneous grains overprinted by 
metamorphic overgrowths. 
Figure 8.12. Tera-Wasserburg concordia plot of zircon U-Pb data for quartzofeldspathic gneiss, 
Alooarjara Range. 
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The zircon overgrowths have very low U contents (19-71 ppm) and variable Th/U 
which is generally higher than that of the cores (0.41-2.42). The low U content means 
that there is a large uncertainty in the analyses, which range from concordant to 
moderately discordant. Omitting 4 discordant analyses leaves a group of 11 analyses 
which yield a relatively imprecise age of 1715 ± 30 Ma (MSWD = 1.16), consistent 
with metamorphism during the Late Strangways Event. There is no isotopic evidence of 
Palaeozoic metamorphism or reworking and the CL-bright zircon overgrowths were 
evidently the last zircon forming event. The southern part of the Alooarjara belt 
contains a more intense, commonly mylonitic foliation which is sub-parallel to a major 
ductile shear zone along the contact between the Alooarjara belt and the Bruna Gneiss. 
This shear zone dips moderately northwards, and contains shear sense indicators that 
indicate top to the south movement. 
 
Reworking of the Alooarjara belt is largely confined to the southern half of the belt, 
adjacent to this shear zone. The magnetic susceptibility of rocks in the most intensely 
reworked zone is considerably lower than that of the less strained rocks to the north, 
suggesting that reworking has resulted in the destruction of magnetite. This relationship 
is similar to that observed in the Entia Gneiss Complex, where reworking during the 
Alice Springs Orogeny resulted in almost complete loss of magnetite from originally 
highly magnetised rocks. The timing of reworking in the southern part of the Alooarjara 
belt remains to be resolved, but would seem likely to be related to south-directed 
thrusting during the Alice Springs Orogeny. 
 
8.2.4 Queenie Flat Granite (sample 2001080247) 
The Queenie Flat Granite crops out ~10 km NNE of Mallee Bore in the area of Queenie 
Flat Dam, north of the Harts Range (Fig. 8.1). It intrudes leucocratic gneiss considered 
to be a correlative of the Entia Gneiss, with the contact between the two folded by E-W-
trending folds (Shaw et al., 1975). Metasediments of the Irindina Gneiss and HRMIC 
crop out <1 km to the south of the granite. The granite has a gneissic fabric, consisting 
of K-feldspar phenocrysts in a matrix of K-feldspar, plagioclase, quartz and biotite, and 
has an I-type composition (Shaw et al., 1975). The granite was sampled from a fresh 
excavation at Queenie Flat Dam (Fig. 8.10C; GR 477793 7477240) to constrain the 
northwesterly extent of the Larapinta Event and to test the possibility that it might have 
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been emplaced during the early Palaeozoic, at a similar time to small granitic bodies 
near Mallee Bore (Buick et al., 2001). 
 
Zircon from the granite consists of brown, subhedral to euhedral, generally fractured 
and turbid grains up to ~300 µm long with aspect ratios of ~2-3. Most grains are dark in 
CL, displaying fine oscillatory-zoning and a few contain cores (Fig. 8.13). The clearest, 
least fractured zircon was targeted for analysis. 
 
Thirty-five analyses of oscillatory-zoned zircon and 4 analyses of cores are listed in 
Table 8.4 and plotted in Fig. 8.14. The oscillatory-zoned zircon has a variable, but 
generally high U content ranging between 166 and 5082 ppm and has Th/U of 0.16-
2.39. Many of the analyses are discordant, which is attributed to variable Pb loss 
resulting from radiation damage to the zircon. Excluding 15 discordant analyses leaves 
a group of 20 analyses with equal 
207
Pb/
206
Pb within analytical error, yielding an age of 
1770 ± 13 Ma (MSWD = 0.80). The relatively poor precision of this age is possibly a 
result of unresolvable isotopic disturbance within the concordant group of analyses. The 
age is similar to that of other granitic gneisses from the eastern Arunta Inlier (Zhao & 
Bennett, 1995), indicating that the Queenie Flat Granite is part of the Strangways 
Metamorphic Complex. The 4 analysed cores have moderate U contents (248-649 ppm 
Figure 8.13. CL image of zircon from the Queenie Flat Granite, showing typical dark, high-U zircon. 
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U) and Th/U of 0.34-0.89. All but one of the cores are significantly discordant, with 
inferred ages ranging from ~1.85 to 2.04 Ga. 
 
 
 
 
 
 
There is no isotopic evidence for metamorphism during the Larapinta Event, which 
contrasts with the granulite-facies Ordovician metamorphism recorded in zircon 
overgrowths ~10 km SSW at Mallee Bore (Miller et al., 1997; Buick et al., 2001). This 
suggests that a major structure separates the Queenie Flat Granite from the Harts Range 
Group to the south, probably the E-W trending Entire Point Shear (Scrimgeour & Raith, 
2001). 
 
8.2.5 Atula granite (sample 2002080140) 
A partially exposed granitoid crops out over an area of ~5x5 km, around 20 km NW of 
Atula Homestead (Fig. 8.1). It occurs within a poorly-exposed zone of relatively high 
magnetisation which probably represents Palaeoproterozoic basement to the east of the 
Harts Range Metamorphic Complex. The granite was sampled from near the western 
margin of the body (Fig. 8.10D; GR 616791 7440360) and consists of porphyritic pink 
Figure 8.14. Tera-Wasserburg concordia plot of zircon U-Pb data for the Queenie Flat Granite, 
showing significant discordance in analyses of cores (dark) and oscillatory-zoned zircon (light). 
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K-feldspar in a medium-grained matrix of quartz, K-feldspar, plagioclase and biotite 
with traces of sulphide, possibly pyrite. 
 
Zircon from the granite consists of clear to slightly turbid, euhedral to subhedral stubby 
prismatic crystals up to ~250 µm long, with aspect ratios of ~1.5-3.0. Many of the 
grains are fractured and a few contain rounded mineral inclusions. In CL imagery, most 
grains display oscillatory-zoning, and have a range of intensities (Fig. 8.15). Zircon 
overgrowths are variably developed, with a few grains having thicker overgrowths up to 
60 µm thick. These overgrowths are typically relatively bright, textureless to weakly 
oscillatory-zoned and have irregular, rounded contacts with the zircon core. The crystal 
shape of these grains appears to retain an igneous form (i.e. simple prismatic crystal 
faces) which might indicate that the zircon rims are zones of recrystallisation rather than 
new metamorphic zircon growth. 
 
 
Figure 8.15. CL image of zircon from granite, Atula area. The zircon has a range of intensity and 
typically has oscillatory zoning. A few grains have embayments of textureless zircon overgrowths. 
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Analyses of 21 cores and 4 rims are listed in Table 8.5 and plotted in Fig. 8.16. The 
zircon cores have a range of U contents, ranging from 119-2213 ppm and Th/U of 0.31-
1.35. The analyses form a concordant to near concordant cluster with equal 
207
Pb/
206
Pb 
within analytical error, yielding an age of 1752.6 ± 5.8 Ma (MSWD = 1.12). If three 
slightly discordant analyses are omitted the resultant age is essentially unchanged at 
1752.2 ± 6.8 Ma (MSWD = 1.28). Lead loss thus appears to have taken place during 
geologically recent times and the 
207
Pb/
206
Pb is not considered to have been 
significantly affected by isotopic disturbance. The crystallisation age for the granite is 
thus interpreted as 1753 ± 6 Ma. 
 
 
 
 
 
 
The zircon rims have low to moderate U (106-535 ppm) and uniform Th/U (0.50-0.56). 
The analyses are concordant to slightly discordant and their ages are statistically 
indistinguishable from those of the magmatic population. Although there are only a 
small number of analyses, on average the rims have slightly lower ages than the cores, 
yielding a relatively imprecise pooled age of 1732 ± 38 Ma (MSWD = 0.12) which is 
Figure 8.16. Tera-Wasserburg concordia plot of zircon U-Pb data for granite, Atula area. 
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interpreted to reflect metamorphism or recrystallisation during the Late Strangways 
Event. 
 
The age of this granite indicates that the eastern boundary of the Harts Range 
Metamorphic Complex in this area occurs between this locality and outcropping calc-
silicate rock ~5 km to the west, which detrital zircon data indicate was deposited in the 
latest Neoproterozoic to Early Cambrian (Chapter 4). As with most other 
Palaeoproterozoic rocks dated from the eastern Arunta Inlier, there was no isotopic 
evidence observed which might indicate that the granite was affected by the Larapinta 
Event. 
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8.3 Geochronological study of the Ledan Package cover sequence 
8.3.1 Summary 
Deformation, metamorphism and magmatism during the Strangways Orogeny in the 
eastern Arunta Inlier of central Australia appears to be a result of plate-margin related 
tectonism along the southern margin of the North Australian Craton. SHRIMP zircon 
dating of basement and cover sequences in the Strangways Metamorphic Complex 
(SMC) indicates that the Strangways Orogeny consisted of two distinct tectonothermal 
cycles between ~1.79 and ~1.71 Ga. Sedimentary protoliths of the Mount Bleechmore 
Granulite were deposited after ~1.8 Ga and likely metamorphosed at ~1.78 Ga (the 
Early Strangways Event). These rocks were subsequently exhumed and eroded, forming 
a basement on which the Ledan Package (Mendip Metamorphics, Ledan Schist and 
Utopia Quartzite) was deposited after ~1.77 Ga. Metamorphic overgrowths (1723 ± 9 
Ma) and a pegmatite intrusion (1730 ± 4 Ma) in the Mendip Metamorphics record a 
second phase of deformation and metamorphism (the Late Strangways Event). The arc-
like Huckitta and Inkamulla Granodiorites in the eastern SMC were intruded at 1762 ± 3 
Ma and 1773 ± 4 Ma respectively, suggesting that the Early Strangways Event was 
associated with subduction along the southern margin of the North Australian Craton. 
Exhumation and basin formation between the two periods of contraction was possibly a 
consequence of extension after the Early Strangways Event and related to A-type 
magmatism at ~1.74 Ga in the eastern SMC. Metamorphic zircon overgrowths in the 
Huckitta Granodiorite have an age of 332 ± 3 Ma and record a phase of relatively high 
grade metamorphism during the Mount Eclipse Movement of the Alice Springs 
Orogeny. 
 
 
8.3.2 Introduction 
There is an increasing recognition that plate-like processes played an important role in 
the Proterozoic evolution of the Australian continent (e.g. Foden et al., 1988; Zhao, 
1994; Myers et al., 1996; Scott et al., 2000; Giles et al., 2002). Most attention has been 
focused on the inferred southern margin of the North Australian Craton, where a belt of 
late Palaeoproterozoic cordilleran-style granites occurs within the Strangways 
Metamorphic Complex (SMC) of the southeastern Arunta Inlier (Zhao & McCulloch, 
1995). This granite emplacement occurred during a protracted period of deformation 
and high-grade metamorphism, the Strangways Orogeny (Collins & Shaw, 1995). 
Although it is generally recognised that the SMC and associated granites hold important 
clues to the assembly of Australia, there is disagreement over how this complex 
metamorphic belt evolved. Some workers have suggested that the SMC encompasses 
two separate tectonothermal cycles (e.g. Norman & Clarke, 1990; Goscombe, 1992a,b). 
Others (e.g. Collins & Shaw, 1995) have argued that the complex evolved in several 
stages, the relationships between which are unknown. In contrast, Möller et al. (2003) 
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rejected any suggestion of a complex or multi-stage history, regarding the SMC and 
cordilleran-style granites as effectively separate systems. 
 
 
 
 
The data presented in this section indicate that the SMC has undergone at least two 
cycles of burial and exhumation within a broadly convergent setting at the southern 
margin of the North Australian Craton. SHRIMP zircon U-Pb data have been used to 
Figure 8.17. Locality diagram of samples from the Ledan Package and Entia Dome. 
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constrain the depositional age of a supracrustal cover sequence in the northern SMC that 
was deposited between two episodes of high-grade metamorphism, indicating that a 
period of exhumation and erosion separated the two major tectonothermal events. 
 
8.3.3 Geological overview of the Strangways Metamorphic Complex 
The SMC is part of the eastern Arunta Inlier, an extensive metamorphic province with a 
Palaeoproterozoic to Palaeozoic tectonothermal history (Collins & Shaw, 1995; 
Scrimgeour, 2003). The complex forms a broad belt up to ~125 km wide that is well 
exposed in the Strangways and Harts ranges, and as isolated outcrops further north (Fig. 
8.17). The SMC consists of Palaeoproterozoic sedimentary, volcanic and intrusive rocks 
deformed under amphibolite- to granulite-facies conditions during the late 
Palaeoproterozoic Strangways Orogeny (~1.78-1.71 Ga). Many workers consider the 
orogeny to have two distinct phases: the Early and Late Strangways events at ~1.78-
1.75 Ga and ~1.73-1.71 Ga respectively (e.g. Collins & Shaw, 1995, Lafrance et al., 
1995). 
 
Early tectonic models for the Strangways Orogeny favoured vertical accretion, 
involving underplating by mantle-derived material, granite emplacement and 
metamorphism followed by compression driven by lithospheric delamination (Shaw et 
al., 1984a; Etheridge et al., 1987; Warren & Hensen, 1989). Goscombe (1992a,b) 
favoured an intracontinental setting, based in part on the apparent absence of suture 
zones that might indicate a former continental margin. Foden et al. (1988), Zhao (1994) 
and Zhao & McCulloch (1995) envisaged an island arc or back-arc setting for Early 
Strangways magmatism based on geochemical and isotopic features of mafic and felsic 
gneisses. Zhao & McCulloch (1995) discounted a uniform underplate source for the 
granites because of the large range in their chemical and isotopic compositions. 
Workers such as Scott et al. (2000) and Giles et al. (2002), adopted a plate margin 
subduction model, arguing that subduction along the southern margin of the North 
Australian Craton might explain many of the features of sedimentation and magmatism 
within the Palaeoproterozoic of northern Australia. 
 
Although there is a general consensus that there were at least two phases of tectonism, 
the nature and timing of those events, and whether they were part of one protracted 
orogeny or discrete events in their own right remains unresolved (Collins & Shaw, 
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1995). In particular, there is disagreement about the nature of the Early Strangways 
Event. Norman & Clarke (1990) interpreted the Anamarra Granite to have been intruded 
between the two periods of metamorphism. If that was so, the granite’s zircon U-Pb age 
of 1748 ± 4 Ma (Williams & Collins, unpublished data) constrains the first 
metamorphism to be older than ~1.75 Ga and the second event to be younger. In 
contrast, Möller et al. (2003) considered that both metamorphic events took place 
between 1.73 and 1.71 Ga, suggesting that previous higher estimates of metamorphic 
age obtained from deformed granitoids might represent zircon inheritance or pre-
metamorphic magmatism. 
 
In the northern SMC (Fig. 8.17), an unconformity has been mapped between multiply 
deformed high-grade metasediments and an overlying lower-grade supracrustal package 
(Shaw et al., 1975). In this study, SHRIMP zircon geochronology was undertaken to 
constrain the timing of sedimentation and metamorphism in both packages, revealing at 
least two phases of tectonism separated by exhumation, erosion and basin formation. 
Two cordilleran-style granites in the Harts Range, interpreted to have been emplaced in 
an island arc or back-arc environment (Foden et al., 1988; Zhao & McCulloch, 1995), 
were also dated to determine the age of arc-like magmatism during the Strangways 
Orogeny. 
 
8.3.4 Ledan Package 
North of the Strangways Range, the high-grade metamorphics of the SMC are overlain 
by a lower grade supracrustal sequence, the Mendip Metamorphics, Ledan Schist and 
Utopia Quartzite. These have no obvious correlatives in the eastern Arunta Inlier, 
although they do have some similarities to the Reynolds Range Group to the west and 
the Hatches Creek Group in the Osborne Range northeast of Barrow Creek (Shaw et al., 
1975). The Mendip Metamorphics crop out in the vicinity of Mendip Hill, northwest of 
Alcoota Homestead and the Ledan Schist and Utopia Quartzite in a northwest-trending 
belt between Utopia Homestead and Delmore Downs Homestead (Fig. 8.17). The 
relationship between the Mendip Metamorphics and the Ledan Schist/Utopia Quartzite 
is not known, but their similar structural position and metamorphic grade suggest that 
they are related, so they are referred to informally here as the Ledan Package. The 
Utopia Quartzite is unconformably overlain by the Grant Bluff Formation of the 
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Georgina Basin (Shaw et al., 1975), which thereby loosely constrains the depositional 
age of the Ledan Package to between the Palaeoproterozoic and Late Neoproterozoic. 
 
8.3.4.1 Mendip Metamorphics (sample 2001080248) 
The Mendip Metamorphics consist of a sequence of quartzite and biotite gneiss with 
minor amounts of granule conglomerate, calc-silicate rock and amphibolite. They have 
been metamorphosed at upper greenschist to lower amphibolite facies and are of 
significantly lower grade than the underlying Mount Bleechmore Granulite, containing 
blue-green hornblende and lacking garnet, sillimanite and hypersthene, which are 
common in the underlying granulites (Shaw et al., 1975). The contact between the upper 
and lower units is sharp, but poorly exposed and was considered by Shaw et al. (1975) 
to be unconformable. 
 
The Mendip Metamorphics were sampled from a low quartzite ridge, ~5 km SSE of 
Mendip Hill (Fig. 8.19A; GR 438527 7479183). The quartzite is thickly bedded and 
tightly folded, with a granular texture in places, and contains a steeply-dipping 
schistosity defined by muscovite in more pelitic layers. 
 
CL imaging of the zircon shows that many grains consist of irregular cores surrounded 
by structureless to broadly zoned overgrowths typical of metamorphic zircon (Fig. 
8.18A). Most overgrowths have a moderate CL brightness and range up to ~40 µm in 
thickness. A few overgrowths are dark in CL and appear to post-date the lighter 
overgrowths. 
 
Ninety analyses of cores are listed in Table 8.6 and plotted in Figs. 8.20 and 8.24. The 
U-Pb isotopic compositions are concordant to slightly discordant with most of the 
radiogenic 
207
Pb/
206
Pb ages falling between 1.89 and 1.77 Ga. The pattern of 
discordance is consistent with ancient Pb loss, but the timing of isotopic disturbance is 
unable to be defined with any degree of precision. There are age clusters at ~1.80 and 
~1.86 Ga, with a scattering of higher ages and a minor group at ~2.5 Ga. The two 
youngest cores have ages of 1760 ± 15 and 1771 ± 12 Ma (1). The zircon ages are 
consistent with derivation from sources in the underlying SMC and the broader North 
Australian Craton, where there are abundant granitoids with ages between ~1.76 and 
~1.86 Ga. 
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Figure 8.18. CL images of zircon from (A) quartzite of the Mendip Metamorphics; (B) Quartzite from 
the Ledan Schist; (C) Pegmatite from the Mendip Metamorphics; (D) Metapelite from the Mount 
Bleechmore Granulite; (E) the Huckitta Granodiorite and (F) the Inkamulla Granodiorite. 
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Figure 8.19. (A) Mendip Metamorphics sample site, 5 km SSE of Mendip Hill (GR 438527 7479183); 
(B) Kinked muscovite schist and quartzite of the Ledan Schist (GR 476756 7524006); (C) Pegmatite 
pod in quartzite of the Mendip Metamorphics, Mendip Hill (GR 437144 7482913); (D) Metapelitic 
schist of the Mt Bleechmore Granulite at Mendip Hill (GR 437257 7482970), showing tightly folded 
foliation and leucosomes indicating that it underwent at least two phases of deformation. 
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Thirty-one analyses were made of zircon overgrowths. The overgrowths with medium-
intensity CL (23 analyses) have moderate to high uranium contents of 375-2775 ppm 
and Th/U ratios of 0.02-0.28 which are on average higher than those found in typical 
metamorphic zircon (Rubatto & Gebauer, 2003), possibly due the quartzite lacking 
phases such as monazite that strongly partition Th/U. The analyses form a concordant to 
near concordant cluster at ~1.72 Ga (Fig. 8.20). Omitting one moderately discordant 
analysis yields an age of 1723.4 ± 9.1 Ma (MSWD=0.78), which is considered the best 
estimate of the timing of amphibolite-facies metamorphism. Three zircon overgrowths 
with significantly higher ages of 1800 ± 15, 1773 ± 18 and 1760 ± 22 Ma (1) are 
rounded and abraded and interpreted to be part of the detrital component. These ages, 
combined with those of the youngest remnant detrital cores indicates that the quartzite 
was deposited some time after ~1.77 Ga. 
 
Most of the late-stage, high-uranium overgrowths were too thin to analyse, but three 
grains with thicker overgrowths provided space for five analyses. These have high 
uranium (1090-1855 ppm), low Th/U (0.016-0.039) and equal 
207
Pb/
206
Pb within error, 
giving a weighted mean age of 1572 ± 17 Ma. This is similar to a Rb-Sr whole-rock age 
Figure 8.20. Tera-Wasserburg concordia plot of zircon U-Pb data from quartzite of the Mendip 
Metamorphics. 
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of 1592 ± 66 Ma measured nearby in the Mount Bleechmore area (Black et al., 1983), 
and reflects metamorphism of the Chewings Event (1.56-1.59 Ga) recorded to the west 
at Ormiston (Collins et al., 1995) and in the Reynolds Range (e.g. Williams et al., 
1996). 
 
8.3.4.2 Ledan Schist (sample 2002080116B) 
The Ledan Schist predominantly consists of a coarse-grained muscovite + quartz ± 
biotite schist, with minor quartzite and amphibolite, underlain by a basal conglomerate. 
Like the Mendip Metamorphics, it has been metamorphosed at upper greenschist to 
lower amphibolite facies. The schist unconformably overlies the high-temperature, low-
pressure amphibolite facies Delny Gneiss and Delmore Metamorphics and is overlain 
(possibly disconformably) by the Utopia Quartzite (Shaw et al., 1975). 
 
The Ledan Schist was sampled ~7 km NW of Delmore Downs Homestead (GR 476756 
7524006). The outcrop consists of muscovite-quartz schist with thin interbeds of 
quartzite and crosscutting quartz veins (Fig. 8.19B). Coarse-grained muscovite defines a 
pervasive layer-parallel fabric, deformed by widely spaced kink bands. A sample of the 
muscovite schist contained insufficient zircon for analysis, but a 15 cm thick quartzite 
layer within the schist yielded several hundred zircon grains. 
 
Zircon grains from the quartzite are pitted and occasionally broken, and appear to 
represent an unmodified detrital population. CL imaging (Fig. 8.18B) revealed a few 
grains with narrow overgrowths, but these are rounded and abraded and appear to be 
part of the detrital component. Eighty grains were analysed, with the results listed in 
Table 8.7 and plotted in Fig. 8.21. Only about 50% of the U-Pb isotopic compositions 
are concordant within analytical uncertainty, with a discordance line indicating 
significant lead loss at 200 ± 70 Ma. Most inferred ages lie between 1.8 and 1.9 Ga, 
including clusters at ~1.82 and ~1.86 Ga, with a few higher ages at ~2.00-2.05 Ga and 
2.5 Ga (Fig. 8.24). The provenance is similar to that of the Mendip Metamorphics, i.e. 
the Arunta Inlier and/or broader North Australian Craton. The age of the youngest two 
grains, with relatively imprecise ages of 1774 ± 23, 1779 ± 25 (1), and the similarity 
between the detrital zircon age spectra of the Ledan Schist and Mendip Metamorphics 
suggests that the two units were deposited at a smiler time and are indeed part of the 
same lithostratigraphic package. 
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8.3.4.3 Pegmatite in Mendip Metamorphics (sample 2002080225) 
To test whether the often irregular zircon overgrowths from the Mendip Metamorphics 
quartzite might predate deposition of the protolith sediment rather than date 
metamorphism, a pegmatite intruding the Mendip Metamorphics was dated to establish 
a minimum depositional age. Numerous pegmatites occur in the vicinity of Mendip Hill 
as dykes and irregular masses within both the basement and cover sequences. The 
sampled pegmatite forms a small outcrop within quartzite, just below the summit of 
Mendip Hill (Fig. 8.19C; GR 437144 7482913) and consists of a granular mosaic of 
quartz and K-feldspar. 
 
Zircon from the pegmatite consists of brown to purple-brown grains, most showing 
evidence of radiation damage and fracturing. Only the highest clarity grains were 
mounted for analysis. CL imaging of these grains shows broad, concentric dark- and 
intermediate-brightness zoning, often with a transitional zone separating the different 
domains (Fig. 8.18C). A few grains contained small cores. 
 
Figure 8.21. Tera-Wasserburg concordia plot of zircon U-Pb data for quartzite from the Ledan 
Schist. 
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The results of 26 analyses are listed in Table 8.8 and plotted in Fig. 8.22. Uranium 
concentrations range from 270 to 2070 ppm, with Th/U typically between 0.10 and 
0.35. The isotopic compositions form a tight concordant cluster at ~1.73 Ga, with one 
grossly discordant analysis (8.2). The single core analysed (15.1), which yielded a 
207
Pb/
206
Pb age of ~2.31 Ga, is interpreted to be inherited. The 24 analyses in the 
concordant population yield a weighted mean age of 1729.9 ± 3.6 Ma (MSWD = 0.96), 
interpreted as the crystallisation age of the pegmatite. The protolith of the Mendip 
Metamorphics was thus deposited before 1730 ± 4 Ma, indicating that the 1723 ± 9 Ma 
zircon overgrowths in the Mendip quartzite formed during metamorphism of that unit. 
The Ledan Package is thus constrained to have been deposited between ~1.77 and 1.73 
Ga, i.e. between the Early and Late Strangways events. 
 
 
 
 
 
8.3.5 Mount Bleechmore Granulite (sample 2002080223) 
If the Ledan Package was deposited after ~1.77 Ga, then the higher grade 
metamorphism of the underlying basement presumably occurred during the Early 
Strangways Event. However, no geochronological study elsewhere in the SMC has yet 
identified unequivocal metamorphism of Early Strangways age, leading some workers 
Figure 8.22.  Tera-Wasserburg concordia plot of zircon U-Pb data from pegmatite in the Mendip 
Metamorphics. 
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to suggest that metamorphism occurred only between 1.73 and 1.71 Ga, and that the 
Early Strangways Event consisted solely of voluminous felsic magmatism (e.g. Möller 
et al., 2003). If the cover/basement interpretation proposed above is correct, then the 
high-grade basement rocks might be expected to preserve geochronological evidence of 
their earlier metamorphic history. The Mount Bleechmore Granulite was therefore 
sampled to constrain the depositional age of the basement rocks and to look for 
evidence of metamorphism during the Early Strangways Event. 
 
The Mount Bleechmore Granulite was sampled at Mendip Hill, ~25 m below its contact 
with the Mendip Metamorphics (GR 437257 7482970). At this locality the unit consists 
of foliated biotite + quartz + coarse sillimanite metapelitic gneiss with thin, layer-
parallel leucocratic lenses and fine folia of retrograde white mica. The schistosity and 
leucocratic lenses are deformed by tight to isoclinal folds, indicating that the metapelite 
has undergone at least two phases of tectonism (Fig. 8.19D). 
 
 
 
 
 
Many zircon grains from the schist have irregular cores with clear overgrowths 
containing fine, needle-like inclusions, which appear to be sillimanite. CL imagery 
Figure 8.23. Tera-Wasserburg concordia plot of zircon U-Pb data from metapelite of the Mount 
Bleechmore Granulite, showing cores (dark) and overgrowths (light). 
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shows that most cores are irregular and embayed, mantled by moderately luminescent 
overgrowths which have an unusual mottled appearance (Fig. 8.18D). The inner layer of 
many overgrowths commonly consists of a thin, irregular CL-dark zone, often 
transitional with the later overgrowth. 
Analyses of 58 zircon cores are listed in Table 8.9 and plotted in Figs. 8.23 and 8.24. 
About 90% of the analyses are <10% discordant, with groups of ages at ~1.81 Ga and 
~1.88 Ga, and a scattering up to ~2.5 Ga. There is a range of ages down to ~1.79 Ga, 
but no obvious grouping of young grains, and hence the upper limit on the depositional 
age of protolith of the Mount Bleechmore Granulite is taken to be ~1.8 Ga. This is 
similar to depositional ages recorded for metasediments and metavolcanics elsewhere in 
the SMC - the Ongeva Package (Scrimgeour, 2003) - which range between ~1.81 and 
~1.79 Ga (Scrimgeour et al., 2001; Hussey et al., 2003). 
 
 
Figure 8.24. Probability density histograms of detrital zircon ages from the Ledan Package. The Mendip 
Metamorphics and Ledan Package share a similar provenance and are interpreted to be broadly 
correlative. The underlying Mount Bleechmore Granulite has a similar age spectrum to the Ledan 
Package indicating that the two sequences were derived from similar sources, with the cover sequence 
possibly derived in part from erosion of the underlying metamorphics. 
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The 52 analyses of zircon overgrowths mostly yielded ages between 1.71 and 1.79 Ga 
(Fig. 8.25). U contents are relatively uniform (typically 200-600 ppm) and Th/U ranges 
from 0.01 to 0.18 (typically ~0.02). One higher-U (~820 ppm) overgrowth with an age 
of ~1927 Ma is mantled by an undated mottled overgrowth and is interpreted to be part 
of the inherited component. The range of 
207
Pb/
206
Pb for the main group of overgrowths 
is much larger than that expected for a single population. A relative probability plot of 
the analyses shows a principal peak at ~1.75 Ga, with weak inflections at ~1.78 Ga and 
~1.73 Ga and a spread of lower ages with large uncertainties to ~1.67 Ga (Fig. 8.24). 
Although this could be interpreted to represent three closely spaced metamorphic 
episodes, the lack of any recorded metamorphism at ~1.75 Ga elsewhere in the Arunta 
Inlier and the unusual mottled CL appearance of the overgrowths suggests instead that 
the ~1.75 Ga peak is a mixed isotopic composition resulting from partial 
recrystallisation at ~1.73-1.70 Ga. The inner dark-CL zones of these overgrowths are 
possibly recrystallisation fronts, similar to those described by Pidgeon et al. (1998) from 
zircon in the Darling Range batholith in Western Australia. It is possible that highest 
Figure 8.25. Probability distribution diagram of zircon overgrowth ages from the Mount Bleechmore 
Granulite. The main peak at ~1751 Ma cannot comprise a single age population and is possibly a 
mixture of two groups at ~1779 Ma and ~1732 Ma. 
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apparent overgrowth ages at ~1.78-1.79 Ga represent the oldest mixing component, 
implying a zircon-forming event at this time. Alternatively, the spread of ages could be 
due to partial resetting of the isotopic compositions of the detrital cores; however this 
interpretation is possibly less likely as there are no overgrowth ages higher than the age 
of the youngest detrital grain. The data are not conclusive, but the preferred 
interpretation is that there were two distinct periods of metamorphism, corresponding to 
the Early and Late Strangways events. This is consistent with the field evidence that the 
high-grade metamorphism observed in the Mount Bleechmore Granulite did not affect 
the Mendip Metamorphics. Clearly, further work is required to isotopically substantiate 
the presence of high-grade metamorphism during the Early Strangways Event. 
 
8.3.6 Granitic gneisses in the Entia Gneiss Complex 
Granitoids from the Arunta Inlier have been divided into three major geochemical suites 
by Zhao & McCulloch (1995): (1) a calcalkaline-tondhjemitic group (CAT), (2) a high-
heat-production group (HHP) and (3) a widespread Main Group. The CAT Group 
occurs along the southeastern margin of the Arunta Inlier and has arc-like geochemical 
features, interpreted to be the result of fractionation of arc-type magmas and/or partial 
melting of arc-related intrusions or underplates (Zhao & McCulloch, 1995). Limited 
conventional and SHRIMP zircon geochronology indicates that they were intruded 
between ~1.77 and 1.75 Ga (Cooper et al., 1998; Black & Shaw, 1992; Zhao & Cooper, 
1992; Zhao & Bennett, 1995), and are geochemically distinct from the HHP Group 
which formed at ~1.73-1.71 Ga, probably from remelting of the Main Group (Zhao & 
McCulloch, 1995). The Main Group was emplaced between 1.78 and 1.75 Ga and has 
geochemical characteristics intermediate between the CAT and HHP groups, possibly 
due to partial melting of fractionated and/or modified arc-related underplates (Zhao & 
McCulloch, 1995).  
 
The Huckitta and Inkamulla granodiorites in the Entia Gneiss Complex are part of the 
CAT group. The granodiorites are characterised by high Na2O, Na/K, Sr, K/Rb and 
Sr/Y, with relatively low K2O, Rb, Rb/Sr, Th, U, REE, Nb and Y, similar geochemical 
features to calc-alkaline suites in modern arcs (Foden et al., 1988; Zhao & McCulloch, 
1995). They are also associated with amphibolites which have been interpreted as arc-
type metatholeiites (Sivell, 1988). Cooper et al. (1988) noted an unpublished zircon U-
Pb age of 1766 ± 7 Ma for the Huckitta Granodiorite. 
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8.3.6.1 Huckitta Granodiorite (sample 2001080257) 
The Huckitta Granodiorite was sampled ~2 km east of Ambulginya Peak (GR 527679 
7439149). The outcrop consists of well-layered migmatitic plagioclase + quartz + K-
feldspar + biotite + hornblende gneiss with a strong layer-parallel fabric, folded by tight 
to isoclinal recumbent folds (Fig. 8.26). 
 
 
Many zircon grains from the granodiorite consist of an inclusion-rich, fractured core, 
commonly with strong oscillatory zoning, surrounded by a clear overgrowth. CL 
imaging shows that oscillatory zoning, typical of zircon from felsic plutonic rocks, 
dominates every grain (Fig. 8.18E). In most cases this zircon is surrounded by a weakly-
zoned overgrowth. Many of the cores are corroded and/or fractured fragments of 
formerly much larger grains. CL-bright layers only a few micrometres thick surround 
the cores and fill embayments and fractures within them. 
 
Twenty-seven analyses of cores and 20 analyses of overgrowths are listed in Table 8.10 
and plotted in Fig. 8.27. None of the CL-bright intermediate zones were thick enough to 
be accessible with a 20 µm diameter primary beam. The cores have moderate to high 
uranium (375-3240 ppm) and a relatively small range in Th/U (0.25-0.65). The U-Pb 
isotopic compositions cluster at ~1.76 Ga, with some minor discordance consistent with 
Figure 8.26. Huckitta Granodiorite, 2 km E of Ambulginya Peak (GR 527679 7439149). The gneiss 
contains a pervasive flat-lying foliation similar to that seen elsewhere in the Entia Dome, which is 
folded by small-scale recumbent folds with an asymmetry indicating top over south movement. 
N S 
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recent lead loss. However, there is a significant range in radiogenic 
207
Pb/
206
Pb. Two 
discordant analyses (23.1, 21.1) have apparent ages much lower than the others (~1732, 
~1741 Ma) and were not included in the age calculations. Two near concordant analyses 
(5.1, 16.1) are significantly higher in 
207
Pb/
206
Pb than the remainder, giving a mean 
apparent age of ~1784 Ma. Both were located very close to cores and might contain 
some inherited Pb, so were also excluded from the age calculation. The remaining 23 
analyses yield a weighted mean age of 1761.9 ± 3.1 Ma (MSWD=1.2), which is 
interpreted as the crystallisation age of the granodiorite. This age is indistinguishable 
from the unpublished age for the granodiorite of 1766 ± 7 Ma noted by Cooper et al. 
(1988). 
 
 
 
 
 
Seven analyses of the inner high-U (1602-3953 ppm) overgrowths, which have low 
Th/U (0.03-0.08), yielded ages ranging from ~1.72 to ~1.68 Ga. Omitting one 
significantly discordant analysis leaves a group with a spread of 
207
Pb/
206
Pb beyond that 
expected for a single population, with a mean of ~1.71 Ga. There are insufficient data to 
define a single metamorphic age, however the range of ages suggests metamorphism 
during the Late Strangways Event. Thirteen analyses of the late-stage moderate-uranium 
Figure 8.27. Tera-Wasserburg concordia plot of zircon U-Pb data for the Huckitta Granodiorite. 
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(413-1365 ppm) overgrowths have even lower Th/U (0.006-0.027). Omitting one 
analysis with relatively low 
206
Pb/
238
U (5.1), leaves a group of 12 analyses with a 
pooled age of 332.0 ± 3.0 Ma (MSWD=1.48). This zircon growth indicates that 
relatively high-grade metamorphism took place during the Mount Eclipse Movement of 
the Alice Springs Orogeny, at a similar time to monazite formation in metapelite south 
of Inkamulla Bore (Chapter 6). 
 
 
 
 
 
8.3.6.2 Inkamulla Granodiorite (sample 2002080309) 
The Inkamulla Granodiorite was sampled ~ 2 km northeast of Inkamulla Bore (Fig. 
8.29; GR 519693 7445646). Much of the granodiorite consists of a relatively 
homogeneous coarse-grained quartz + microcline + plagioclase + biotite gneiss, with a 
less common finer-grained phase of similar composition and minor amphibolite. 
 
The coarse-grained gneiss yielded euhedral to subhedral stubby to elongate prismatic 
zircon with pronounced oscillatory zoning (Fig. 8.18F). An irregular, thin CL-bright 
layer a few micrometers thick mantles some grains, filling embayments and fractures. A 
Figure 8.28. Tera-Wasserburg concordia plot of zircon U-Pb data for oscillatory-zoned zircon from 
the Huckitta Granodiorite. 
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few grains also have irregular CL-dark overgrowths that form small embayments and 
appear to post-date the CL-bright layer. 
 
 
 
 
 
 
 
 
Figure 8.29. Outcrops of Inkamulla Granodiorite NE of Inkamulla Bore. 
Figure 8.30. Tera-Wasserburg concordia diagram of zircon U-Pb data for the Inkamulla 
Granodiorite. 
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Twenty-nine zircon analyses are listed in Table 8.25 and plotted in Figure 8.29. None of 
the overgrowths were thick enough to be analysed using a 20 µm primary beam. The 
cores have a range of uranium contents (170-1980 ppm) and Th/U (0.5-1.5), with U-Pb 
isotopic compositions forming a near-concordant cluster at ~1.77 Ga, excluding one 
higher analysis (7.1) at ~1.86 Ga, which is interpreted as an inherited grain. The 
remaining 28 analyses yield a weighted mean crystallisation age of 1772.5 ± 4.3 Ma 
(MSWD=1.48). 
 
The ages of the Huckitta and Inkamulla Granodiorites are similar to those of other arc-
related intrusives elsewhere in the SMC (cf. Zhao & McCulloch, 1995), with a range of 
ages between ~1751 and ~1763 Ma.  Significantly older IDTIMS zircon ages from 
magmatic rocks in the Atnarpa Igneous Complex at 1879 ± 11 Ma and 1873 ± 11 Ma 
(Zhao & Cooper, 1992) are possibly affected by inheritance and thus might not reflect 
the crystallisation age of the magmas. The lower age constraints on this magmatism are 
a relatively poorly-defined upper intercept age of 1751 ± 12 from a tonalite in the 
Atnarpa Igneous Complex (Zhao & Cooper, 1992) and a relatively imprecise SHRIMP 
zircon U-Pb age of 1752 ± 11 from the Alice Springs Granite (Zhao & Bennett, 1995). 
A lack of other identified granitoids between 1.75 and 1.76 Ga in the SMC suggests that 
the actual crystallisation age of these rocks might lie towards the upper end of their 
error limit and that the bulk of CAT magmatism took place between ~1762-1773 Ma, 
during the Early Strangways Event. 
 
8.3.6 Discussion and conclusions 
The data presented here suggest that the Strangways Orogeny was not a single 
protracted event, but instead two discrete high-grade metamorphic events separated by a 
period of exhumation and sedimentation. The Early Strangways Event was 
characterised by voluminous magmatism with subduction-related geochemical 
characteristics. The available data suggest that this activity, represented by the Huckitta 
and Inkamulla Granodiorites in the Entia Gneiss Complex, occurred between ~1773 and 
~1762 Ma. 
 
If the Ledan Package has an unconformable lower contact, the higher-grade 
metamorphism of the basement indicates that at least one additional phase of high-grade 
metamorphism affected the lower sequence. The only alternative way of explaining the 
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observed field relationships is to infer a major sub-horizontal detachment at the base of 
the Ledan Package, which translated the low-grade package across the high-grade 
basement. If this was the case, then the juxtaposition of the two packages is constrained 
to have taken place after the main metamorphic event, and probably before 
metamorphism of the Chewings Event, which appears to have affected both sequences. 
There was no evidence for a major structural contact found in this study or the mapping 
of Shaw et al. (1975), and it is concluded that the contact between the two is 
unconformable, though likely tectonised to some degree. 
 
A multi-phase tectonothermal history is consistent with petrological and structural 
studies by Norman and Clarke (1990) and Goscombe (1992a, b) who recognised two 
high-grade metamorphic events in the SMC. Norman and Clarke (1990) argued on 
structural grounds that the 1748 ± 4 Ma Anamarra Granite in the western SMC was 
intruded between these two events, which is consistent with the zircon data which 
suggest that the Ledan Package was deposited between ~1.77 and 1.73 Ga. No 
petrological evidence for uplift between the metamorphic events was found by Norman 
and Clarke (1990) or Goscombe (1992a, b), which might indicate that uplift did not 
occur at this time in the main part of the SMC, or was not recorded by lower-pressure 
mineral assemblages. 
 
Between ~1.77 and ~1.73 Ga, high-grade metamorphics which formed during the Early 
Strangways Event appear to have been exhumed, forming a basement upon which 
sediments of the Ledan Package were deposited. This interpreted exhumation and basin 
formation was broadly coeval with intrusion of the Bruna Gneiss in the nearby Harts 
Range. The Bruna Gneiss occurs as an extensive, flat-lying sheet separating the Entia 
Gneiss Complex from the overlying Harts Range Group. It is geochemically distinct 
from the underlying quartzofeldspathic gneisses, being more Fe-, Ti- and K2O-rich and 
less Ca- and Na2O-rich, with A-type geochemical affinities (Foden et al., 1988). High Y 
and relatively depleted Sr indicate that garnet was not a stable phase during granite 
genesis, suggesting that the granite was generated at relatively shallow depths. The 
Bruna Gneiss has been dated by zircon IDTIMS at 1747 ± 3 Ma (Cooper et al., 1988), a 
similar age to lithologically and geochemically comparable gneisses at Watsons Creek 
and Rockhole Bore (this study). These ages are similar to the probable depositional age 
of the Ledan Package, and it is possible that the A-type magmatism coincided with a 
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phase of extension that exhumed the SMC, and generated accommodation space into 
which sediments of the Ledan Package were deposited. 
 
Continued convergence resulted in the Late Strangways Event between ~1.73 and 1.71 
Ga, which deformed the Ledan Package and reworked the Early Strangways basement. 
The Ledan Package thus provides the opportunity to study the effects of the Late 
Strangways Event free from the effects of high-grade metamorphism and deformation 
associated with the Early Strangways Event. To this point there has been no study of the 
Ledan Package other than that carried out during regional mapping (Shaw et al., 1975). 
Field observations and the absence of metamorphic zircon in the Ledan Schist suggest 
that the metamorphic grade of the Late Strangways Event increases southwards in the 
area of study. Further south, upper amphibolite supracrustals in the Oonagalabi region 
of the eastern SMC have a similar depositional age to the Ledan Package (Huston et al., 
2003), suggesting that the Ledan Package and its correlatives might be more widespread 
than previously thought, its higher-grade equivalents being difficult to distinguish from 
high-grade basement. 
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Chapter 9 
 
Synthesis 
 
 
 
9.1 Introduction 
The results of this study show that the Harts Range region was the focus of dynamic 
intraplate tectonism throughout much of the Palaeozoic, a period which until recent 
times had been considered to be tectonically quiescent. A newly-recognised phase of 
tectonism at ~520 Ma (the Stanovos Event) caused partial melting of Late 
Neoproterozoic to Cambrian sediments, prior to granulite facies metamorphism during 
the 475-460 Ma Larapinta Event. Although the timing and extent of metamorphism is 
now relatively well-constrained, resolving its tectonic setting presents more of a 
challenge. High-grade metamorphism appears to have taken place in the lower levels of 
the Centralian Superbasin, meaning that the sedimentation patterns in the overlying 
depositional system can be used to provide additional constraints on the nature of the 
tectonism. This chapter synthesises the results of this study, outlining the Palaeozoic 
history of the region and discusses the possible mechanisms by which burial and 
metamorphism might have occurred. 
 
9.2 Depositional age of the Harts Range Group and relationship to the 
Centralian Superbasin 
The detrital zircon data collected as part of this study confirm previous work which 
indicated that the sedimentary protoliths to the Harts Range Group were deposited as 
recently as the Cambrian (Buick et al., 2001, 2005). Comparison with detrital zircon 
data from the Amadeus and Georgina basins shows that the Harts Range Group 
represents the high-grade metamorphic equivalents of the unmetamorphosed basin 
sequences. Not only are their depositional ages similar, but both sequences were 
sourced from regions of similar age and have similar changes in provenance with time. 
The alternative interpretation - that the Harts Range Group is an allochthonous block 
with coincidentally similar provenance to Centralian Superbasin sediments - appears to 
be highly unlikely given that the Harts Range region was at least 500 km from the 
nearest continental margin, surrounded by relatively undeformed sedimentary basins. 
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Comparison of detrital zircon age signatures from the high-grade and unmetamorphosed 
sequences suggests that most of the Neoproterozoic to latest Cambrian (~0.85-0.50 Ga) 
sequence of the Centralian Superbasin is represented in the Harts Range Group. The 
close similarity between the detrital zircon signatures of certain units within the Harts 
Range Group and basin sequences suggests that these units might be direct correlatives. 
Although the Neoproterozoic metasediments are lithologically similar to their 
unmetamorphosed equivalents, the Cambrian metasedimentary sequence is dominated 
by metapelite, contrasting with the shallow marine platform carbonate and sandstone 
sequences in the adjacent basins. This suggests that the protoliths to the Cambrian 
metasediments were deposited in a deeper sub-basin between the Amadeus and 
Georgina basins (the Irindina sub-basin), which is consistent with isopach data from the 
basins which show that the Early Cambrian to Early Ordovician sequences thickened 
towards the Harts Range (Mawby et al., 1999). 
 
Voluminous mafic magmatism, (the HRMIC) is restricted to the Irindina sub-basin, 
where it consists of volcanics within the Irindina Gneiss and their possible intrusive 
equivalents in the upper Stanovos Gneiss. No igneous zircon or baddeleyite has yet 
been found in the metabasites, however paragneisses within the HRMIC have an Early 
Cambrian maximum depositional age. Evidence of magma mingling between mafic 
intrusives and ~520 Ma granitoids, and the presence of ~520 Ma granite veins in earlier-
formed amphibolite suggest that mafic magmatism took place over an extended period 
of time. 
 
9.3 Extent of the Stanovos and Larapinta events 
The ~520 Ma Stanovos Event has thus far only been recognised in the southeastern 
Harts Range, where it resulted in partial melting of the upper Stanovos Gneiss and the 
formation of a suite of felsic intrusives. The single sample of quartzite dated from the 
upper Stanovos Gneiss did not contain zircon overgrowths of sufficient thickness to be 
dated, and no metamorphism of this age has been found in other units of the Harts 
Range Group. The apparent absence of 520 Ma metamorphism in the overlying Irindina 
Gneiss is perhaps not surprising given that it was deposited less than ~20 m.y. before 
the Stanovos Event and was at a higher crustal level than the upper Stanovos Gneiss. If 
the felsic gneisses within the upper Stanovos Gneiss were derived from partial melting 
of their host rocks, as suggested by inherited cores and field relationships, then further 
Chapter 9                                                                                                                                           Synthesis 
 289 
dating of the host metapelites might be expected to reveal evidence of metamorphism at 
520 Ma. The close spatial relationship between mafic and felsic intrusives in the upper 
Stanovos Gneiss suggests that advective heat input by mafic magma was an important 
source of heat during the Stanovos Event. This event might thus have been restricted to 
parts of the basin that contained a significant volume of mafic magmatism. 
 
High-grade metamorphism of the Larapinta Event appears to be largely restricted to the 
Harts Range Group and has not strongly affected the exposed basement gneisses of the 
eastern Arunta Inlier. Dating of Palaeoproterozoic gneisses from the Entia Gneiss 
Complex and areas adjacent to the Harts Range Metamorphic Complex show little 
evidence of high-grade Ordovician metamorphism (Chapter 8; Scrimgeour & Raith, 
2001; Claoué-Long et al., in prep.). The only evidence found in this study for Early 
Ordovician metamorphism in the basement is from a relatively thin fault-bounded slice 
of Palaeoproterozoic megacrystic gneiss within the Irindina Gneiss which displays 
evidence of isotopic disturbance and zircon formation at 461 ± 14 Ma (Chapter 9). 
Evidence of the Larapinta Event in the Entia Gneiss Complex is restricted to a single 
Sm-Nd age of 479 ± 15 Ma which conflicts with that of a nearby sample with an age of 
614 ± 6 Ma (Mawby et al., 1999) and is not considered to be reliable. In the Jervois area 
to the northwest of the Harts Range, the Bonya Schist records evidence of significant Pb 
loss at 478 ± 13 Ma (Claoué-Long et al., in prep.). The available data suggest that the 
effects of the Larapinta Event in the adjacent Palaeoproterozoic basement were largely 
restricted to fluid flow at higher crustal levels. 
 
Early Ordovician metamorphism of the Harts Range Group extends at least ~100 km 
east of the Harts Range, although the peak metamorphic grade appears to be lower in 
this area. The Harts Range Group likely extends beneath cover towards the southeast, 
coincident with a belt of low magnetisation defined by aeromagnetic data. The grade of 
metamorphism probably decreases in this direction, merging into unmetamorphosed 
sedimentary rocks of the eastern Amadeus or Warburton basins. The Harts Range 
Group (and Larapinta Event) is thus exposed in a roughly wedge-shaped area which 
extends over ~150 km from the Mallee Bore area in the northwest to Atula Homestead 
area in the southeast. To the north it is bounded by the E-W trending Entire Point Shear 
Zone and to the south by the NW-trending Florence-Muller Shear Zone. The eastern 
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boundary is not exposed, but geophysical data suggest that it is represented by a series 
of arcuate shear zones that have a broadly northwesterly trend. 
 
 
 
 
 
Figure 9.1. Summary of tectonothermal events in the Harts Range area. High-grade metamorphism of 
the Stanovos and Larapinta events took place in the lower levels of the Irindina Sub-basin, coincident 
with sedimentation at the surface. This was followed by convergent tectonism during the Alice Springs 
Orogeny, which resulted in exhumation and thick syn-orogenic sedimentation. 
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9.4 Tectonic setting of early Palaeozoic tectonism 
If the protoliths of the Harts Range Group were originally part of the Centralian 
Superbasin, then the Stanovos and Larapinta events need to be interpreted within the 
context of the broader basin system. Early Palaeozoic sedimentation patterns and 
detrital zircon data imply that there was little positive topographic expression in the 
region during metamorphism. Instead, the available evidence suggests that the Harts 
Range area was a depocentre throughout much of this period, consistent with an 
extensional setting for both events. 
 
9.4.1 Stanovos Event 
Felsic magmatism within the upper Stanovos Gneiss appears to be the result of in situ 
partial melting of the host metapelites, which detrital zircon data indicate were 
deposited in the latest Neoproterozoic to earliest Cambrian. This implies that relatively 
rapid burial of the lower parts of the Harts Range Group took place during the Early 
Cambrian, though the depth of this burial remains uncertain (Chapter 5). 
 
Cambrian sedimentation in the Amadeus Basin was restricted to E-W trending sub-
basins along its northern margin, dominated by shallow marine carbonates with lesser 
amounts of siliciclastics and evaporites (Shaw et al., 1991). In the Georgina Basin, a 
marine transgression spread from the southern margin of the basin during the Early 
Cambrian, becoming more widespread during the Middle Cambrian (Fig. 9.2). These 
patterns of sedimentation imply that the Harts Range area was an actively subsiding 
depocentre during the Cambrian period. This interpretation is consistent with detrital 
zircon data that show little evidence of exposed Arunta basement at this time, and the 
fact that the metasedimentary sequence is more pelitic than coeval basin sediments. 
Isopach data for Early Cambrian sediments in the northeastern Amadeus Basin have 
been significantly modified by salt migration, but indicate that some units thicken 
towards the Harts Range (Kennard, 1991). 
 
The lack of mountain building suggests that convergent tectonism did not cause the 
burial of the HRG. Instead, the presence of an interpreted depocentre in the Harts Range 
area, the Irindina sub-basin, is more consistent with an extensional setting. Rift-like 
tholeiitic magmatism of the Early to Middle Cambrian HRMIC is also consistent with 
an extensional setting. This mafic magmatism was coeval with the felsic magmatism at 
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~520 Ma in the upper Stanovos Gneiss, forming a bimodal igneous complex. Bimodal 
magmatism is a characteristic feature of rift settings (e.g. Wilson, 1989), and implies 
relatively high extension rates and significant asthenospheric upwelling (Barberi et al., 
1982). Although the HRMIC is dominated by mafic volcanics and volcaniclastics, 
extrusive equivalents of the Indiana granitoid suite have not yet been recognised within 
the Harts Range Group, perhaps indicating that partial melting was not sufficiently 
widespread to generate magma bodies large enough to ascend to upper crustal levels. 
 
Burial and partial melting of the lower parts of the HRG thus appears to have taken 
place during crustal extension and thinning. High-grade metamorphism in areas of 
continental extension is not unexpected, since thinning of the lithosphere will result in a 
steepening of the geotherm as the asthenosphere moves to shallower levels (Wickham 
& Oxburgh, 1985; Sandiford & Powell, 1986). Advection of heat into the crust by mafic 
magmas would further increase temperatures, and is capable of producing temperatures 
of 1000 °C in the lower crust, roughly double that of 'normal' continental crust 
(Sandiford & Powell, 1986). The insulating effect of the overlying sedimentary basin 
would also lead to a steeper geotherm, particularly since the underlying basement 
contains granitoids rich in heat-producing radioactive elements (Zhao & McCulloch, 
1995; Sandiford et al., 2001). 
 
9.4.2 Larapinta Event 
Metamorphic zircon and monazite from the Harts Range Group has yielded ages 
between ~450-478 Ma, with most clustering about ~460 Ma (Figs. 9.3, 9.4; Hand et al., 
1999; Buick et al., 2001a, 2005; Chapters 4, 5). The range of ages is beyond that 
expected for a single event, and appears to represent both the peak and retrograde 
phases of the Larapinta Event. Compared with the widespread development of ~460 Ma 
ages, there are relatively few ages precisely constraining the timing of peak 
metamorphism. Metabasite preserving peak metamorphic mineral assemblages at 
Mallee Bore yields metamorphic zircon ages of 478 ± 4 and 471 ± 7 Ma (Buick et al., 
2001a), which are indistinguishable from Sm-Nd ages of 475 ± 40 and 485 ± 18 Ma for 
garnet-bearing peak metamorphic assemblages in the Harts Range (Mawby et al., 1999). 
Less certain are interpreted ages for the earliest generations of zircon growth in peak 
metamorphic tonalitic melt from Mount Ruby (483 ± 6 Ma) and calc-silicate rock from 
the Brady Gneiss (479 ± 7 Ma). 
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Figure 9.2. Palaeogeographic reconstruction of Australia during the early Palaeozoic, with the 
location of the inferred Irindina Sub-basin, from (BMR, 1990). (A) Colour-coded key for the various 
sedimentary environments depicted. (B)-(E) Early to Middle Cambrian marine transgression in 
central Australia that took place during and following the ~520 Ma Stanovos Event. 
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Figure 9.2. (ctd.). (F)-(K) Palaeogeographic reconstruction of Australia during the Late Cambrian to 
early Silurian, showing the development of the Larapintine Seaway that linked the depositional 
systems of central Australia with the northwestern and southeastern margins. The seaway was most 
extensively developed at ~470-460 Ma, the same time that high-grade metamorphism of the Larapinta 
Event was taking place beneath the seaway in the Harts Range region. 
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UNIT AGE (Ma) EVENT 
Zircon U-Pb   
Rockhole Bore leucogneiss
1
 470 ± 5 (6) Metamorphic 
Mount Ruby tonalite
1
 483 ± 6 (7) Magmatic 
     “         “         “ 457 ± 4 (14) Magmatic 
Lower Stanovos Gneiss
1
 453 ± 4 (16) Metamorphic 
Naringa Gneiss
2
 484 ± 13 (14) Metamorphic 
      “            “ 452 ± 6 (4) Metamorphic 
Lower Irindina Gneiss
1
 462 ± 4 (16) Metamorphic 
Lower Irindina Gneiss
2
 455 ± 9 (lower intercept) Metamorphic 
Upper Irindina Gneiss
1
 478 ± 15 (3) Metamorphic 
Upper Irindina Gneiss
3
 463 ± 5 (14) Metamorphic 
     “          “            “ 461 ± 4 (10) Metamorphic 
HRMIC (Mt Ruby)
 1
 462 ± 5 (12) Metamorphic 
HRMIC (Mallee Bore)
 3
 478 ± 4 (13) Metamorphic 
HRMIC (Mallee Bore)
 3
 471 ± 7 (9) Metamorphic 
Upper Brady Gneiss
1
 479 ± 7 (5) Metamorphic 
     “         “           “ 459 ± 4 (13) Metamorphic 
Crossing Bore schist
1
 ~484 (1) Metamorphic 
Badens Camp quartzite
1
 461 ± 5 (16) Metamorphic 
Jervois Homestead quartzite
1
 ~470 (2) Metamorphic 
Atula quartzite
1
 461 ± 7 (12) Metamorphic 
   
Monazite U-Pb   
Irindina Gneiss
5
 467 ± 8 (12) Metamorphic 
   
Sm-Nd mineral isochrons   
Entia Gneiss
6
 457 ± 178 (5) Metamorphic 
HRMIC
4
 475 ± 5 (2) Metamorphic 
HRMIC
4
 475 ± 40 (6) Metamorphic 
HRMIC
4
 485 ± 18 (3) Metamorphic 
HRMIC
4
 475 ± 4 (3) Metamorphic 
HRMIC
4
 460 ± 43 (3) Metamorphic 
Irindina Gneiss marble
4
 469 ± 7 (4) Metamorphic 
 
 
 
Figure 9.3. Summary of geochronological data dating metamorphism of the Larapinta Event in the 
Harts Range Metamorphic Complex. Sources: 
1 
this study  
2
 Buick et al. (2005), 
3
 Buick et al. (2001), 
4
 Mawby et al. (1999), 
5
 Hand et al. (1999a), 
6
 Foden et al. (1995). The number in brackets following 
the age is the number of analyses from which the age was calculated. 
Figure 9.4. Probability density histogram of Ordovician metamorphic zircon ages from the Harts 
Range Group, defining a bimodal distribution with modes at ~477 and ~461 Ma that possibly reflect 
the timing of peak and retrograde metamorphism during the Larapinta Event. 
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Peak metamorphic pressures during the Larapinta Event (10-12 kbar) indicate burial 
depths of ~30-35 km (Miller et al., 1997; Mawby et al. 1999). Sedimentation in the 
Centralian Superbasin suggests that during the Early Ordovician, like the Early 
Cambrian, the Harts Range region was a depocentre during tectonism and partial 
melting. Isopach data for both the Amadeus and Georgina Basins show that the 
thickness of Early Ordovician sediments increases towards the Harts Range, indicating 
that the depositional axis was located above the granulites of the Harts Range 
Metamorphic Complex (Fig. 9.5; Hand et al., 1999b; Mawby et al., 1999). Early 
Ordovician sedimentary rocks in the Centralian Superbasin are mature and fine-grained, 
and detrital zircon data indicate that there was little exposed basement at the time. 
 
The Larapinta Seaway which developed during the Early Ordovician connected the 
depositional systems of central Australia with the Canning Basin to the northwest (Figs. 
9.2, 9.5). Rapid extension in the Canning Basin commenced during the Early 
Ordovician at about the same time as the oldest metamorphic isotopic ages in the Harts 
Range (~475 Ma), suggesting that the formation of the seaway and metamorphism in 
the Harts Range were related to rifting. During the Larapinta Event, a pervasive flat-
lying fabric formed within the Harts Range Group in the middle to lower crust, 
accompanied by near isothermal decompression during the later stages of deformation, 
consistent with an extensional setting for metamorphism (Hand et al., 1999; Mawby et 
al., 1999). 
 
It would thus appear that metamorphism during the Larapinta Event was a result of 
further sediment loading as a result of renewed extension and subsidence. The apparent 
absence of early Palaeozoic high-grade metamorphism in the adjacent Strangways 
Metamorphic Complex is consistent with a burial metamorphism model, which would 
not have caused significant burial of the rift margins. If contraction had been the cause 
of burial and metamorphism, then significant areas of the Strangways Metamorphic 
Complex might be expected to have undergone the same Ordovician tectonism as the 
Harts Range Group. Metamorphism presumably affected the basement rocks beneath 
the Irindina sub-basin, which do not appear to have been exhumed along with the Harts 
Range Group. 
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Metamorphic zircon and monazite ages of ~460 Ma are ubiquitous within rocks 
containing the retrograde layer-parallel fabric (Hand et al., 1999; Buick et al., 2001; 
Chapters 4, 5), and are interpreted date retrograde metamorphism during near 
isothermal decompression. The ~460 Ma event is coincident with the end of rapid 
subsidence in the Canning Basin, implying a change in the stress regime at this time. 
 
South-directed transport of the Harts Range Group along the Bruna Detachment Zone at 
449 ± 10 Ma was interpreted by Mawby et al. (1999) to reflect the onset of convergent 
deformation which led to the Alice Springs Orogeny. Syn-orogenic sedimentation of the 
Carmichael Sandstone was interpreted to be a result of uplift associated with this 
contraction, which was considered to be distinct from extension during the Larapinta 
Event. However, the currently available data also allow for a different interpretation: 
namely that the ~460 Ma retrograde phase of the Larapinta Event records the earliest 
effects of contraction and uplift as part of the Rodingan Movement. The depositional 
age of the Carmichael Sandstone, which is the first evidence of uplift in the basins, is 
poorly-constrained as Caradocian (~459-445 Ma) based on a fish plate occurrence 
(Shergold et al., 1991). This relatively imprecise constraint means that deposition might 
Figure 9.5. Generalised isopachs for the Larapinta Group in the Amadeus Basin and equivalents in the 
Georgina Basin, from Mawby (1999), showing thickening of the sequence towards the Harts Range 
region, implying that it was a depocentre at the time of high-grade metamorphism. 
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have commenced immediately following the ~460 Ma event, implying that the 
retrograde event was associated with contraction, leading to exhumation and uplift. The 
relatively large uncertainty in the depositional age of the Carmichael Sandstone makes 
resolution of this issue difficult, however the timing of mafic dyke emplacement might 
offer a means of resolving the tectonic setting during decompression. Many of the mafic 
dykes in the Harts Range Metamorphic Complex appear to have been emplaced at a 
relatively late stage in the deformational history, which if related to the late Larapinta 
Event, would imply that both the peak metamorphic and retrograde phases were 
extensional in character. The timing of this magmatism thus becomes an important issue 
which requires further investigation. 
 
 
 
 
Figure 9.6. P-T-t diagram for the HRG during the Larapinta Event, using data from Mawby et al. 
(1999), Miller et al. (1997) and this study. The prograde path is poorly constrained until peak 
metamorphism at ~475-480 Ma. This was followed by rapid, near isothermal decompression to 
retrograde conditions at ~460 Ma followed further uplift during the Rodingan Movement at ~450 Ma, 
defining an anticlockwise P-T-t path. 
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Figure 9.7. Schematic diagram of the interpreted evolution of the Harts Range Metamorphic Complex. 
The Irindina Sub-basin appears to have developed within the Centralian Superbasin in the Early 
Cambrian as a result of extension or transtension, culminating in a basin ~30-35 km deep in the Early 
Ordovician, before basin inversion during the Alice Springs Orogeny. 
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9.5 The Irindina sub-basin – the deepest basin in Earth history? 
The depth of the inferred Irindina sub-basin rivals that of the deepest known basins in 
Earth history, and raises the question of how a such deep basin could form and persist in 
extended and thinned continental crust. Three of the deepest known sedimentary basins, 
the late Mesoproterozoic Midcontinent rift system of North America (Hinze et al., 1993; 
Allen et al., 1995), the Palaeozoic Dnieper-Donets Basin in eastern Europe (Chekunov 
et al., 1992; Maystrenko et al., 2003) and the Devonian to Holocene Petrel Sub-basin in 
NW Australia (Baldwin et al., 2003) all formed within an intracratonic rift setting, and 
each currently preserve more than ~25 km of basin fill. These examples suggest that the 
inferred 30-35 km depth of the Irindina sub-basin is not beyond the realms of possibility 
and that deep basins are able to form in extended crust and remain essentially intact for 
hundreds of millions of years after their formation. 
 
The Midcontinent rift system formed at ~1.1 Ga by rifting within central North 
America. Much of the rift system is buried by later cover, but is delineated by an intense 
linear gravity and magnetic anomaly with a strike length of more than 2 000 km. The 
rift is comprised of a lower igneous sequence dominated by bimodal volcanics, and an 
upper sedimentary sequence interpreted to have been deposited in a sag basin following 
rifting (Allen et al., 1995). Seismic reflection data indicate that the total volcano-
sedimentary sequence has a maximum thickness of ~30 km (e.g. Behrendt et al., 1988), 
which was deposited in less than 50 m.y (Allen et al., 1995). Despite the fact that 
extension associated rifting thinned the pre-rift crust to a third of its original thickness, 
the present crust is actually thicker along the axis of the rift due to the thickness of the 
rift basin and magmatic underplating (Allen et al., 1995). The immense thickness of the 
igneous sequence appears to have been a major factor in generating and preserving a 
basin of this depth. The igneous sequence is dominated by basaltic magmatism with a 
thickness of up to 20 km, forming a mafic keel at the base of the rift. This keel is 
considerably denser than the surrounding basement rocks, and would have counteracted 
the effects of uplift related to the thinning of the crust and upwelling of the 
asthenosphere. This allowed a thick sedimentary sequence to accumulate during active 
rifting and the following thermal sag phase. 
  
It is possible that a similar process was a factor in the development of the Irindina sub-
basin. Metabasites of the HRMIC form a significant volume of the exposed Harts Range 
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Group, with individual units having thicknesses of up to ~2 km. Potential field 
modelling of the linear gravity high which occurs along the interpreted axis of the sub-
basin indicates that a large volume of mafic igneous rock is present at depth, either as 
part of a significant thickness of Harts Range Group or as a discrete mass at mid- to 
lower-crustal levels (Chapter 7). Although the volume of mafic material might not be as 
great as that of the MCR, the relatively low density of the surrounding basement 
gneisses means that the basin fill was on average significantly denser than the rift 
margins, inhibiting uplift of the basin. This contrasts with many other sedimentary 
basins in which the sedimentary fill is significantly less dense than the basement on 
which it rests. 
 
Baldwin et al. (2003) noted several characteristics common to most deep sedimentary 
basins: (i) proximity to, and trend normal to, ocean basins; (ii) V-shape morphology in 
plan view; (iii) substantial depth to basement; (iv) evidence of extensional formation; 
and (v) large amounts of extension. Although highly reworked and inverted, the Irindina 
sub-basin possesses many of these features, consistent with the interpretation that it 
contained a great thickness of sediment. The Irindina sub-basin apparently formed at a 
high angle to the Cambrian continental margin of Australia (Fig. 9.2) and in its current 
modified form is broadly V-shaped in plan view. Due to the obscuring effects of later 
sedimentary basins, it is not certain that the sub-basin opened eastward directly into an 
oceanic basin, however the presence of detrital zircon in the HRG with a Pacific 
Gondwana signature implies a connection. As outlined above, there is also evidence for 
significant extension during the development of the Irindina sub-basin, including the 
distribution and style of sedimentation and the presence of bimodal magmatism. These 
features indicate that sub-basin was not, for example, a foreland basin, which in 
exceptional circumstances can also accumulate thick sedimentary sequences (e.g. the 
~20 km thick South Caspian Basin, Jackson et al. (2002)). 
 
Although extension appears to have been a significant factor in the formation of the 
Irindina sub-basin, it is possible that strike-slip tectonism played a role in creating 
accommodation space. The relatively linear NW-trending magnetic anomaly that links 
the Harts Range area with the Canning Basin (Fig. 4.36), might have accommodated 
strike-slip movement, consistent with shallowly-dipping stretching lineations in the 
steeply-dipping Entire Point Shear Zone, which forms the northern boundary of the 
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Harts Range Metamorphic Complex (Scrimgeour & Raith, 2001). Within a zone of 
strike-slip movement, irregularities in the orientation of the major structure can lead to 
the development of areas of localised extension and contraction (Sylvester, 1988). Pull-
apart basins formed in extensional zones are often relatively deep and narrow, and form 
at a range of scales (Aydin & Nur, 1982; Mann et al., 1983). 
 
Most pull-apart basins are initiated with a relatively limited strike extent, commonly 
forming sinusoidal S- or Z-shaped basins that with continued extension develop into the 
classic rhomb-shaped morphology (Mann et al., 1983; Sylvester, 1988). With extreme 
strike-slip offset, pull-apart basins can lengthen indefinitely into narrow oceanic basins. 
An example is the world’s largest active pull-apart basin, the Cayman Trough along the 
North America-Caribbean Plate Boundary Zone, which has a length of 1 400 km and a 
width of 100-150 km (Mann et al., 1983). Sedimentation in pull-apart basins is typified 
by high rates of deposition, a paucity of igneous activity, and rapid facies changes in 
depocentres that migrate by means of syndepositional strike-slip movement (Sylvester, 
1988). Sediment is generally sourced from adjacent areas, shedding into the basin as 
marginal coarse-grained fans that grade into more fine-grained sediments in the centre 
of the basin (Sylvester, 1988). Although pull-apart basins commonly contain relatively 
thick total stratigraphic sequences, the basin thickness at any given locality is typically 
significantly less than the total due to the migration of the depocentre with time. For 
example, Hornelen Basin of Norway contains a total Devonian sequence ~25 km thick 
in a basin 60-70 km long and 15-25 km wide, however the true vertical thickness at any 
point is <8 km (Steel & Gloppen, 1980). Similarly, the Miocene Ridge Basin of 
southern California, which formed within the ‘big bend’ of the San Andreas fault 
system, contains a relatively thick sequence totalling some 14 km, deposited over a 
period of ~7 m.y. (Crowell, 2004). However, because of a constantly migrating 
depocentre, the basin effectively lengthened over time and the youngest sediments were 
deposited in a different location to the oldest, meaning that the maximum thickness of 
the basin was considerably less than 14 km. 
 
Detrital zircon data for the Harts Range Group indicate that the Irindina sub-basin 
sourced much of its sediment from increasingly more distal areas as subsidence 
continued during the Late Cambrian and Early Ordovician (Chapter 4). This is contrary 
to most pull-apart basins, which are dominated by local sources. If the Irindina sub-
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basin did indeed form as a pull-apart basin, the increasingly distal sediment source and 
the presence of mafic magmatism imply an extreme amount of strike-slip movement, 
enough to extend the basin to the eastern Australian margin. However, the fact that there 
remain sedimentary correlatives of the Amadeus and Georgina Basins on either side of 
the HRMC (e.g. the Cyclops Member and the Grant Buff Formation) indicates that the 
degree of strike-slip offset was not that extreme. It would thus seem that strike-slip 
movement alone was unlikely to have formed the Irindina sub-basin, and that a 
transtensional setting was perhaps more likely. 
  
If the Irindina sub-basin formed within a transtensional regime, it is conceivable that 
sediment burial might have taken place by later contraction as the basin interacted with  
a restraining bend, rather than by sediment loading. If the crust in the Harts Range 
region had already been appreciably thinned by extension, then later contraction and 
thickening might not have been sufficient to cause uplift above sea level. Although such 
short-lived periods of transpression might cause burial without generating significant 
positive topography, tectonic thickening will inevitably lead to at least minor uplift, 
which would be recorded as shallowing of the depositional environment or by 
unconformities. A possible uplift event is recorded by a palaeo-karst surface at the top 
of the Early Cambrian Todd River Dolomite in the Amadeus Basin, which was 
interpreted by Kennard (1991) to have formed at a similar time to the Stanovos Event, 
i.e. the late Botoman, ~518-520 Ma (Kennard & Lindsay, 1991). However, it is difficult 
to be certain of the significance of this surface, since sedimentation during this period 
took place in a shallow marine environment and a relatively small change in the rate of 
subsidence or sea level might be sufficient to expose the dolomite sequence. The 
relatively widespread distribution of this unconformity in the Amadeus Basin implies 
that local tectonism was not the cause of uplift, however it is a possibility that the 
thermal effects of the Stanovos Event might have played a role. There appear to be no 
other significant phases of upward-shallowing sedimentation or unconformities in the 
basins that could reflect crustal thickening. Instead, the depositional record of the 
Amadeus and Georgina basins indicates that the Cambrian and Ordovician was 
dominated by progressive regional subsidence and transgression, inconsistent with 
significant periods of transpression (Lindsay & Korsch, 1991; Kruse et al., 2002). The 
pervasive flat-lying foliation in the Harts Range Group is also inconsistent with 
transpression, which tends to generate more steeply-dipping fabrics (c.f. Dewey et al., 
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1998). Transpressional deformation is thus considered unlikely to have been a 
significant cause of burial, and sediment loading within a rapidly subsiding basin is 
considered to be the main burial mechanism. 
 
9.6 Why was Palaeozoic tectonism localised in the Harts Range? 
It is not immediately apparent why extension was initiated in the Harts Range region in 
the Early Palaeozoic. If the Stanovos Event was a result of extension, then rifting could 
have been either active or passive in style (Sengör & Burke, 1978; Bott, 1995). Active 
rifting takes place as a result of the formation of a hot, lower density region in the upper 
mantle, such as a mantle plume. Upwelling leads to partial melting and volcanism, and 
doming takes place as the low density area develops. The doming leads to local 
deviatoric tension and attenuation of the lithosphere, with stress focussed into the 
relatively thin, strong layer near the surface. Passive rifting takes place as a result of 
lithospheric tension driven by forces external to the rift zone. Extension and thinning of 
the lithosphere leads to upwelling of the asthenosphere, which leads to heating of the 
lithosphere and uplift. Crustal thinning by faulting and stretching causes subsidence, 
which outweighs uplift except where the lithosphere/crustal thickness ratio exceeds ~7, 
i.e. when the crust is less than ~16 km thick for normal lithosphere or the lithosphere is 
greater than 250 km thick for normal continental crust (Bott, 1995). Slow thermal 
subsidence (sag phase) occurs as the lithosphere cools and thickens following the main 
rifting event. 
 
The two styles of rifting can often be distinguished when the geological history of a 
region is well understood. Where active rifting is taking place, volcanism and broad 
doming precedes rifting, whereas in passive rifting faulting precedes volcanism and the 
extended region should exhibit subsidence at all stages (Bott, 1995). Sedimentation 
patterns in the Amadeus and Georgina Basins show little evidence of significant 
doming, which would be expressed as shallowing upwards sequences, thinning of late 
Neoproterozoic-earliest Cambrian isopachs towards the Harts Range and possibly 
unconformities. Sedimentation during the latest Neoproterozoic appears to be 
continuous between the Amadeus and Georgina Basins, and was followed by the 
formation of deeper sub-basins in the northern Amadeus Basins and Harts Range area 
during the Early Cambrian (Chapter 3, Shaw et al., 1991). 
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Evidence of early Palaeozoic plume-related activity does occur in northern Australia, 
where flood basalts of the Antrim Plateau Volcanics were erupted at 513 ± 10 Ma as 
part of the extensive Kalkarinji Province (Hanley & Wingate, 2000). The timing of this 
magmatism is similar to that of mafic magmatism in the Harts Range region, however 
the eruptive centre of this magmatism was ~1 000 km to the northwest of the Harts 
Range, making this activity too remote to be the cause of extension. It is perhaps also 
significant that other mafics within the Kalkarinji Province are on average ~10-20 m.y. 
younger than the Stanovos Event and the initiation of the Irindina sub-basin (see 
summary by Storkey et al., in prep.), which is opposite to that expected if rifting was 
related to plume activity. Instead, the initiation of sub-basins in the northern Amadeus 
Basin in the Early Cambrian appears to have preceded magmatism during the Stanovos 
Event, which is more consistent with a passive rifting model. 
 
The external driving forces for this extension are not well-constrained, but it is 
interesting to note that the onset of rifting in the Harts Range region is broadly 
synchronous with the end of dextral transpressional tectonism of the Petermann, 
Paterson, King Leopold and Pinjarra orogenies at ~530 Ma. This time coincides with a 
hairpin bend in the Australian Polar Wander Path (Fig. 9.9; Schmidt & Clark, 2000), 
reflecting a major change in plate motion. This change in plate boundary conditions 
appears to have changed the stress field in central Australia and caused intra-plate 
tectonism to switch to a new location with a different sense of movement. 
 
The localisation of intraplate strain in the southeastern Arunta Inlier during the Early 
Cambrian was presumably due to the lithosphere in this area being weaker than that 
elsewhere in the region. Such weakening of the lithosphere can be a result of pre-
existing faults, which if suitably oriented may be reactivated during later deformation 
(e.g. Cooper & Williams, 1989; Holdsworth et al., 1997). The thermal structure of the 
crust also plays an important role in determining lithospheric strength, which can be 
modified by processes such as basin formation (Ord & Hobbs, 1989; Hand & Sandiford, 
1999; Sandiford et al., 2001). Sandiford & Hand (1998) and Hand & Sandiford (1999) 
argued that the distribution of intraplate deformation during the Petermann and Alice 
Springs orogenies was strongly influenced by overlying sediment thickness rather than 
fault orientation. The generally high heat production of the Proterozoic rocks of central 
Australia means that a thick insulating blanket of sediment is able to significantly 
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elevate the temperature of the lower crust and lower its strength (Sandiford & Hand , 
1998). However, although the Centralian Superbasin overlay the Harts Range region 
during the Early Cambrian, there is little evidence to suggest that the area was a 
depocentre until after the tectonism commenced. This suggests that other factors were 
important in localising strain. 
 
 
The Harts Range Metamorphic Complex lies on a broad, continental-scale magnetic 
lineament that extends northwest to the Canning Basin (Fig. 9.8). The location of this 
lineament is coincident with the inferred position of the Early Ordovician Larapintine 
Seaway and in the Harts Range appears to be caused by the combination of low 
Figure 9.8. Magnetic map of Australia (3
rd
 edition), from Geoscience Australia. The Harts Range 
Metamorphic Complex lies on a continental-scale linear magnetic low, which coincides with the position 
of the Early Ordovician Larapintine Seaway and possibly delineates a transcurrent shear zone that was 
active in the Early Palaeozoic. 
Larapintine 
Seaway 
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magnetisation metasediments and demagnetised basement gneisses. This lineament 
might represent reactivation of older, deep-seated structure(s) that localised strain 
during the extensional or transtensional regime which generated the Irindina sub-basin 
and the Canning Basin. Another possibility is that the lineament reflects a structure that 
formed during the Early Palaeozoic, largely independent of pre-existing crustal 
structure. 
 
9.7 Relationship between the Alice Springs Orogeny and Larapinta 
Event 
The close spatial association between the Larapinta Event and the most intense 
deformation of the Alice Springs Orogeny suggests that the Larapinta Event caused 
weakening of the lithosphere in Harts Range area. The earliest stages of contraction 
closely followed high-grade metamorphism at ~475-460 Ma which was associated with 
partial melting and temperatures of at least ~800 °C (Miller et al., 1997; Mawby et al., 
1999). The combination of high temperatures and the presence of partial melt would 
have made the lower crust in the Harts Range region significantly weaker than the 
surrounding, relatively cold, thick crust of the Arunta Inlier and promoted the 
localisation of strain. The higher strength margins of the inferred rift might have acted 
as buttresses during contraction, forcing the weaker Harts Range Group to be exhumed 
over the rift shoulders along the Bruna Detachment Zone (Fig. 9.7). The Arunta Inlier to 
the west and northwest of the Harts Range did not experience the thermal perturbation 
of the Larapinta Event and deformed by the uplift of more rigid blocks along retrograde 
shear zones (Collins & Teyssier, 1989; Goleby et al., 1989; Shaw & Black, 1991). 
 
9.8 Causes of deformation during the Alice Springs Orogeny 
The tectonic drivers of deformation during the 450-300 Ma Alice Springs Orogeny are 
poorly understood. During this period, N-S contraction took place in central Australia, 
while NNE-SSW extension occurred in northwestern Australia, the boundary between 
the two domains interpreted as a NE-trending shear corridor, the Lasseter Shear Zone of 
Braun et al. (1991). Braun et al. (1991) and Braun & Shaw (2001) considered that the 
Alice Springs Orogeny was related to plate boundary processes along what is now the 
northern margin of Australia, given the large landmasses of Antarctica and India to the 
south and west of Australia. In contrast, Veevers (2000) and Li & Powell (2001) 
Chapter 9                                                                                                                                           Synthesis 
 308 
considered that the significant deformational phase at ~330-320 Ma was related to the 
transmission of stress from the distal collision of Gondwanaland and Laurussia. 
 
There is a broad correlation between deformational phases of the Alice Springs Orogeny 
and orogenic events in eastern Australia, suggesting they might have been caused by the 
same tectonic drivers, despite having near orthogonal shortening directions. In eastern 
Australia, these events include the Benambran (440-435 Ma), Bowning-Bindi (421-414 
Ma), Tabberabberan (390-383 Ma), Hodgkinson (385-357 Ma) and Kanimblan (~350-
330 Ma) events, which compare with the Rodingan (~450 Ma), Pertnjara (~400-385 
Ma), Henbury (~370 Ma), Brewer (~370-360 Ma) and Mount Eclipse (~330-320 Ma) 
movements of the Alice Springs Orogeny. The difference in the stress orientations was 
possibly a function of different boundary conditions along the eastern and northern 
margins of Australia, perhaps similar to that of the present day stress field of Australia 
(Zoback, 1992). The eastern margin of Australia during the Palaeozoic formed part of 
the Pacific Gondwana margin, interpreted to be inboard of a westerly-dipping 
Figure 9.9. Apparent Polar Wander Path (APWP) for Australia during the late Neoproterozoic and 
Palaeozoic, from (Schmidt & Clarke, 2000). Many of the inflection points in the APWP correspond to 
periods of tectonism or changes in tectonic setting. The Petermann Orogeny in the Musgrave Inlier 
commenced after a U-bend in the APWP at ~575 Ma and ceased at another bend at ~530 Ma, when 
extensional tectonism commenced in the Harts Range area. The Larapinta Event took place during 
progressive clockwise rotation of Gondwana. The most significant phases of the Alice Springs Orogeny, 
the Brewer and Mount Eclipse movements, coincide with major bends in the APWP. 
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subduction zone (e.g. Gray & Foster, 2004). Plate reconstructions suggest that several 
micro-plates were rifting from the northern margin of Australia during this period 
(Klootwijk, 1996; Li & Powell, 2001). This extension may not have always been 
orthogonal to the margin, and possibly imposed a torque on the northern margin of the 
continent (Braun & Shaw, 2001). 
 
The Apparent Polar Wander Path (APWP) for Australia has been described by Li & 
Powell (2001) and has a number of features which correlate with the major 
deformational events identified in the Alice Springs Orogeny (Fig. 9.9). During the 
Cambrian, Australia rotated counterclockwise about an axis near North Victoria Land. 
The sense of rotation reversed at the end of the Cambrian (~490 Ma), which is marked 
by a hairpin bend on the APWP. The change in plate motion coincides with the opening 
of the Canning Basin and inferred extension in the Harts Range region. Although the 
APWP is less well constrained in the Ordovician and Silurian, Australia appears to have 
rotated clockwise through this period until the late Early Devonian (~400 Ma) which is 
marked by a U-bend in the APWP. The eastern and western domains of the Lachlan 
Fold Belt converged during the Late Devonian Tabberabberan Orogeny (~380 Ma) in an 
interpreted dextral transpressional setting, and an Andean-style margin developed along 
the Pacific Gondwana margin (Gray & Foster, 2004). This is coeval with the Pertnjara 
Movement of the Alice Springs Orogeny, which is expressed as pegmatite dyke 
emplacement and uplift of the Harts Range Metamorphic Complex (Storkey et al., in 
prep., Dunlap & Teyssier, 1995; Dunlap et al., 1995), amphibolite-facies metamorphism 
and shearing in the Strangways Metamorphic Complex (Bendall et al., 1998; Ballèvre et 
al., 1999), and the formation of a regional unconformity in the Amadeus Basin, with 
subsequent deposition of syn-orogenic sediments (Jones, 199l; Haines et al., 2001). The 
400-340 Ma segment of the APWP is well-defined and shows a continuous counter-
clockwise rotation of Australia and Gondwanaland. Tectonism associated with the 
major ~365-360 Ma Brewer Movement and the less intense ~365-370 Ma Henbury 
Movement coincides with an inflection point in the APWP, but has no obvious 
collisional driver at the plate margin. After ~340 Ma, Gondwanaland began to drift 
rapidly across the South Pole and had collided with Laurussia by 320-310 Ma, during 
the amalgamation of Pangea. Li & Powell (2001), Veevers et al. (1994), Veevers (2000) 
suggested that the far-field stresses caused by this collision were the cause of the 
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interpreted main phase of the Alice Springs Orogeny (the ~330 Ma Mount Eclipse 
Movement). 
 
9.9 Implications for other metamorphic terrains 
Horizontal, layer-parallel foliations are the earliest recognisable structures in many 
high-grade metamorphic terrains, and have commonly been attributed to convergent 
deformation, even where no associated folding has been identified (e.g. Coward, 1973; 
Marjoribanks et al., 1980; Park, 1981; Loosveld & Etheridge, 1990). Sandiford & 
Powell (1986) and Sandiford (1989) proposed that extensional processes might have 
played a more significant role in the evolution of many high-grade metamorphic terrains 
than previously recognised, particularly where isobaric cooling had taken place 
following metamorphism. In such extensional settings, early layer-parallel foliations 
develop during attenuation of the crust under high-grade metamorphic conditions, 
developing few macroscopic folds. 
 
The results of this study and others of the Harts Range (Hand et al., 1999; Mawby et al., 
1999; Buick et al., 2005) indicate that high-grade metamorphism took place as a result 
of elevated temperatures in the lower crust resulting from extension, basin formation 
and mafic magmatism. What makes the metamorphism of the Harts Range 
Metamorphic unusual is that burial of the Cambrian supracrustal sequence to lower 
crustal levels took place within this setting. Typically, extensional tectonism is invoked 
as a mechanism for forming low-P, high-T terrains rather than the moderate- to high-
pressure, conditions such as those found in the Harts Range Metamorphic Complex (e.g. 
Gibson & Nutman 2004). 
 
A similar model of deep burial metamorphism has been proposed for the ~20 km thick 
Belt Supergroup of North America, where metamorphic conditions reached 600 °C and 
5.3 kbar at the base of the sedimentary sequence (Porder & Hyndman, 1997). Peak 
metamorphism was attained at least 25 Ma after the emplacement of syn-sedimentary 
mafic sills, discounting these as a cause of metamorphism, which was attributed to 
sediment burial alone. In the Harts Range Metamorphic Complex, even higher pressures 
were achieved (10-12 kbar), indicating that relatively high-pressure metamorphic belts 
can be generated by the formation of deep basins during extension. 
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9.10 Future work 
Although the timing of the main phases of tectonism in the Harts Range Metamorphic 
Complex is relatively well-constrained, more precise constraints on the timing and 
nature of some of these events would allow the relationships between basin formation 
and metamorphism to be further evaluated. There are a number of unresolved questions 
which warrant future study: 
 
1) Although the Stanovos Event appears to have been a significant tectonothermal 
event, it is still relatively poorly understood, particularly in terms of its structural and 
potential metamorphic character. In particular, it needs to be resolved whether the ~9 
kbar pressures obtained from the Stanovos granites record crystallisation at ~520 Ma or 
metamorphism during the Larapinta Event. This might be achieved by: 1) trace element 
analysis of zircon to determine whether garnet and zircon were coeval crystallising 
phases; 2) searching for garnet inclusions in zircon; and 3) direct Sm-Nd dating of the 
garnet. 
 
2) The timing of peak metamorphism during the Larapinta Event needs to be more 
precisely defined to better establish its relationship with the Centralian Superbasin. Its 
timing might be constrained by dating peak metamorphic leucosomes which have not 
undergone a history of fractionation under retrograde conditions, and in-situ dating of 
metamorphic monazite and zircon from within peak metamorphic garnet, avoiding areas 
near fractures which might have undergone isotopic resetting. 
 
3) There are currently no geochronological data that precisely date the multiple episodes 
of mafic magmatism in the Harts Range Metamorphic Complex. The tectonic 
significance attached to these magmatic events means that their timing needs to be more 
precisely constrained to better link them with basin-forming and metamorphic 
processes. No magmatic zircon has been found in volcanics of the HRMIC, and its 
emplacement age has therefore proved difficult to determine. A more robust maximum 
age for these volcanics might be obtained by further detrital zircon geochronology, 
targeting the youngest grains, which tend to be less abraded. Mafic magmatism in the 
upper Stanovos Gneiss appears to be coeval with felsic magmatism at ~520 Ma, 
however felsic rocks that display magma mingling textures have not yet been dated to 
confirm this. The last major mafic magmatism is represented by mafic dykes, whose 
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structural setting suggests that they were emplaced during the Larapinta Event. A 
feldspar-phyric metadolerite sampled in this study returned no baddeleyite or zircon, 
however a more focussed study might find minerals such as zircon, baddeleyite or 
zirconalite that would allow this magmatism to be dated. 
 
4) The exhumation history of the Harts Range Metamorphic Complex is broadly 
constrained by cooling ages obtained from the 
40
Ar-
39
Ar, K-Ar and Rb-Sr systems, but 
collection of data (particularly 
40
Ar-
39
Ar step-heating data) from other key areas would 
better constrain cooling patterns and the deformational style of the Alice Springs 
Orogeny. Key areas to target include the northwestern Harts Range, the northeastern 
Entia Dome and the eastern part of the Harts Range Metamorphic Complex for which 
no data have been collected. This information would provide a more comprehensive 
coverage of the Harts Range area, allowing the effects of magmatism and doming to be 
evaluated. 
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U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 132 129 0.98 0.000058 0.000051 0.09 0.28462 0.00348 0.0870 0.0020 0.10501 0.00125 3.3480 0.0529 1685 37 1685 23 1714 22 1714 22 98
2.1 108 37 0.35 0.000028 0.000035 0.05 0.10152 0.00243 0.0906 0.0032 0.10745 0.00132 3.2308 0.0656 1753 60 1738 31 1757 23 1757 23 99
3.1 89 73 0.82 0.000103 0.000073 0.17 0.25309 0.00830 0.0598 0.0024 0.07699 0.00195 5.1522 0.0972 1174 45 1144 20 1121 51 1144 20 102
4.1 93 62 0.66 0.000042 0.000029 0.07 0.19642 0.00300 0.0904 0.0021 0.10300 0.00128 3.2776 0.0484 1750 39 1717 22 1679 23 1679 23 102
5.1 119 116 0.97 0.000020 0.000020 0.03 0.28676 0.00651 0.0844 0.0026 0.10216 0.00102 3.4941 0.0618 1637 49 1623 25 1664 19 1664 19 98
6.1 148 96 0.65 0.000037 0.000025 0.06 0.19690 0.00451 0.0828 0.0024 0.09492 0.00085 3.6597 0.0558 1608 45 1557 21 1526 17 1526 17 102
7.1 18 22 1.21 0.000586 0.000353 0.94 0.34945 0.01727 0.0800 0.0053 0.09218 0.00599 3.5855 0.1266 1555 99 1586 50 1471 129 1526 48 107
8.1 111 80 0.73 0.000020 0.000020 0.03 0.21680 0.00401 0.0847 0.0028 0.09974 0.00109 3.5266 0.0822 1644 52 1609 33 1619 20 1619 20 99
9.1 107 68 0.64 0.000025 0.000027 0.04 0.18197 0.00381 0.0836 0.0023 0.09888 0.00089 3.4145 0.0526 1623 44 1656 23 1603 17 1603 17 103
10.1 207 217 1.05 0.000052 0.000024 0.08 0.27448 0.00268 0.0697 0.0016 0.09875 0.00129 3.7611 0.0630 1363 30 1520 23 1601 25 1601 25 95
11.1 161 182 1.13 0.000020 0.000020 0.03 0.34509 0.00603 0.0594 0.0019 0.07865 0.00117 5.1521 0.1164 1166 36 1144 24 1163 30 1144 24 98
12.1 128 54 0.42 0.000020 0.000020 0.03 0.12496 0.00210 0.0928 0.0022 0.10870 0.00091 3.1880 0.0395 1794 40 1759 19 1778 15 1778 15 99
13.1 122 68 0.56 0.000049 0.000042 0.08 0.16014 0.00375 0.0800 0.0024 0.09878 0.00144 3.5708 0.0544 1556 44 1592 22 1601 27 1601 27 99
14.1 322 110 0.34 0.000030 0.000015 0.05 0.09683 0.00121 0.0891 0.0015 0.10771 0.00065 3.1921 0.0308 1725 28 1757 15 1761 11 1761 11 100
15.1 124 103 0.83 0.000106 0.000044 0.17 0.23893 0.00421 0.0816 0.0027 0.09809 0.00111 3.5259 0.0850 1586 51 1610 34 1588 21 1588 21 101
16.1 129 62 0.48 0.000013 0.000018 0.02 0.14104 0.00257 0.0917 0.0024 0.11047 0.00105 3.1746 0.0449 1774 44 1765 22 1807 17 1807 17 98
17.1 150 67 0.45 0.000020 0.000020 0.03 0.13402 0.00262 0.0888 0.0022 0.10239 0.00104 3.3729 0.0453 1720 42 1674 20 1668 19 1668 19 100
18.1 79 65 0.82 0.000044 0.000029 0.07 0.24131 0.00391 0.0813 0.0020 0.09404 0.00130 3.6335 0.0567 1579 37 1567 22 1509 26 1509 26 104
19.1 307 240 0.78 0.000040 0.000022 0.06 0.23127 0.00275 0.0834 0.0018 0.09784 0.00069 3.5474 0.0529 1620 33 1601 21 1583 13 1583 13 101
20.1 384 67 0.17 0.000001 0.000000 0.00 0.05067 0.00108 0.0897 0.0023 0.10621 0.00058 3.2491 0.0334 1736 43 1730 16 1735 10 1735 10 100
21.1 221 125 0.57 0.000020 0.000020 0.03 0.16653 0.00226 0.0921 0.0016 0.10726 0.00062 3.1876 0.0274 1781 29 1759 13 1753 11 1753 11 100
22.1 235 153 0.65 0.000010 0.000017 0.02 0.18903 0.00223 0.0796 0.0019 0.09845 0.00110 3.6493 0.0666 1547 36 1561 25 1595 21 1595 21 98
23.1 242 235 0.97 0.000015 0.000016 0.02 0.29182 0.00296 0.0684 0.0014 0.08504 0.00105 4.3980 0.0661 1337 26 1321 18 1316 24 1321 18 100
24.1 105 90 0.86 0.000053 0.000033 0.09 0.25597 0.00496 0.0826 0.0024 0.09828 0.00094 3.6022 0.0659 1605 44 1579 26 1592 18 1592 18 99
25.1 90 58 0.64 0.000071 0.000035 0.11 0.19253 0.00524 0.0815 0.0030 0.09686 0.00127 3.6676 0.0777 1584 56 1554 29 1565 25 1565 25 99
26.1 94 68 0.73 0.000020 0.000020 0.03 0.22032 0.00474 0.0679 0.0021 0.08663 0.00139 4.4552 0.0804 1328 39 1305 21 1352 31 1305 21 97
27.1 125 122 0.98 0.000043 0.000034 0.07 0.28883 0.00432 0.0801 0.0025 0.09785 0.00122 3.6785 0.0846 1558 46 1550 32 1584 23 1584 23 98
28.1 156 131 0.84 0.000093 0.000033 0.15 0.24783 0.00297 0.0891 0.0021 0.10029 0.00099 3.3116 0.0539 1725 39 1701 24 1629 18 1629 18 104
29.1 125 83 0.67 0.000083 0.000051 0.13 0.20014 0.00364 0.0624 0.0015 0.07911 0.00119 4.8069 0.0594 1223 28 1218 14 1175 30 1218 14 104
30.1 336 419 1.25 0.000009 0.000005 0.01 0.32243 0.00294 0.0776 0.0018 0.10722 0.00064 3.3317 0.0436 1511 33 1692 19 1753 11 1753 11 97
31.1 152 85 0.56 0.000020 0.000020 0.03 0.16741 0.00358 0.0842 0.0022 0.09855 0.00110 3.5701 0.0475 1633 41 1592 19 1597 21 1597 21 100
32.1 170 81 0.47 0.000020 0.000020 0.03 0.13664 0.00208 0.0976 0.0031 0.11139 0.00134 2.9523 0.0680 1883 57 1881 38 1822 22 1822 22 103
33.1 47 56 1.20 0.000002 0.000001 0.00 0.35788 0.00885 0.0851 0.0030 0.09787 0.00162 3.5120 0.0747 1651 55 1615 30 1584 31 1584 31 102
34.1 90 78 0.86 0.000128 0.000069 0.21 0.25440 0.00456 0.0856 0.0022 0.09820 0.00153 3.4470 0.0525 1660 41 1642 22 1590 29 1590 29 103
35.1 205 67 0.33 0.000013 0.000014 0.02 0.09326 0.00215 0.0924 0.0025 0.10835 0.00120 3.0974 0.0326 1785 46 1804 17 1772 20 1772 20 102
36.1 212 192 0.90 0.000020 0.000020 0.03 0.26821 0.00394 0.0847 0.0021 0.09970 0.00110 3.5018 0.0582 1643 39 1619 24 1618 21 1618 21 100
37.1 282 227 0.80 0.000017 0.000010 0.03 0.23651 0.00210 0.0843 0.0012 0.10270 0.00070 3.4891 0.0312 1636 22 1625 13 1674 13 1674 13 97
38.1 105 118 1.13 0.000008 0.000013 0.01 0.35329 0.00612 0.0875 0.0028 0.09782 0.00096 3.5634 0.0815 1696 52 1595 32 1583 19 1583 19 101
39.1 196 85 0.43 0.000020 0.000020 0.03 0.12411 0.00159 0.1098 0.0035 0.12837 0.00072 2.6037 0.0645 2106 64 2095 44 2076 10 2076 10 101
40.1 122 93 0.76 0.000020 0.000020 0.03 0.22776 0.00311 0.0865 0.0024 0.09806 0.00080 3.4523 0.0707 1676 44 1640 30 1587 15 1587 15 103
40.2 47 0 0.00 0.000020 0.000020 0.03 0.00081 0.00087 0.0802 0.0875 0.07970 0.00197 4.9812 0.1216 1559 1574 1179 26 1190 50 1179 26 99
41.1 329 205 0.62 0.000020 0.000020 0.03 0.18837 0.00286 0.0886 0.0024 0.10083 0.00073 3.4073 0.0640 1715 44 1659 28 1640 13 1640 13 101
42.1 207 229 1.11 0.000020 0.000020 0.03 0.33808 0.00307 0.0877 0.0020 0.10038 0.00082 3.4823 0.0603 1698 36 1627 25 1631 15 1631 15 100
43.1 273 110 0.40 0.000034 0.000016 0.06 0.11842 0.00159 0.0926 0.0028 0.10666 0.00105 3.1656 0.0707 1789 53 1770 35 1743 18 1743 18 102
45.1 445 459 1.03 0.000020 0.000020 0.03 0.30433 0.00292 0.0798 0.0017 0.09857 0.00086 3.6967 0.0614 1552 32 1543 23 1597 16 1597 16 97
Table 3.1. U-Th-Pb isotopic analyses of zircon from the Heavitree Quartzite, Amadeus Basin
Apparent Ages (Ma)
Appendix 1
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
46.1 254 218 0.86 0.000020 0.000020 0.03 0.25926 0.00428 0.0951 0.0020 0.10794 0.00073 3.1817 0.0364 1836 37 1762 18 1765 12 1765 12 100
47.1 160 120 0.75 0.000026 0.000024 0.04 0.22502 0.00322 0.0846 0.0023 0.09686 0.00125 3.5386 0.0676 1641 44 1604 27 1565 24 1565 24 103
48.1 260 223 0.86 0.000027 0.000023 0.04 0.25468 0.00333 0.0825 0.0022 0.09838 0.00072 3.6068 0.0718 1602 42 1578 28 1594 14 1594 14 99
49.1 117 95 0.81 0.000020 0.000020 0.03 0.23429 0.00501 0.0738 0.0023 0.09792 0.00092 3.9241 0.0739 1438 44 1463 25 1585 18 1585 18 92
50.1 147 100 0.68 0.000011 0.000008 0.02 0.20636 0.00497 0.0887 0.0026 0.10207 0.00100 3.4120 0.0492 1718 49 1657 21 1662 18 1662 18 100
51.1 68 33 0.49 0.000063 0.000044 0.10 0.13574 0.00330 0.0878 0.0032 0.10819 0.00126 3.1583 0.0720 1701 59 1773 35 1769 21 1769 21 100
52.1 93 126 1.36 0.000065 0.000042 0.10 0.41387 0.00560 0.0871 0.0025 0.10011 0.00124 3.4916 0.0784 1688 47 1624 32 1626 23 1626 23 100
53.1 170 153 0.89 0.000020 0.000020 0.03 0.27118 0.00300 0.0922 0.0020 0.10174 0.00071 3.2871 0.0506 1782 36 1712 23 1656 13 1656 13 103
54.1 118 86 0.73 0.000031 0.000022 0.05 0.21894 0.00362 0.0903 0.0024 0.10302 0.00191 3.3236 0.0611 1747 45 1696 27 1679 35 1679 35 101
55.1 137 141 1.03 0.000083 0.000060 0.13 0.29870 0.00669 0.0833 0.0031 0.09971 0.00188 3.4682 0.0929 1618 59 1633 39 1619 36 1619 36 101
56.1 124 105 0.85 0.000099 0.000043 0.16 0.25131 0.00610 0.0907 0.0028 0.10504 0.00148 3.2759 0.0528 1755 52 1717 24 1715 26 1715 26 100
57.1 83 183 2.20 0.000020 0.000020 0.03 0.69737 0.01251 0.0599 0.0036 0.08171 0.00161 5.2844 0.2559 1176 70 1117 50 1239 39 1239 39 90
58.1 138 78 0.56 0.000061 0.000039 0.10 0.16678 0.00386 0.0616 0.0020 0.07911 0.00128 4.8345 0.0926 1208 37 1212 21 1175 32 1212 21 103
59.1 205 148 0.72 0.000140 0.000048 0.22 0.21398 0.00380 0.0869 0.0038 0.10132 0.00137 3.4226 0.1191 1684 70 1652 51 1648 25 1648 25 100
60.1 113 98 0.87 0.000087 0.000070 0.14 0.26508 0.00538 0.0590 0.0021 0.07788 0.00205 5.1816 0.1326 1158 41 1138 27 1144 53 1138 27 100
61.1 434 227 0.52 0.000018 0.000009 0.03 0.15258 0.00148 0.0941 0.0014 0.10710 0.00082 3.0945 0.0275 1817 25 1805 14 1751 14 1751 14 103
62.1 160 108 0.67 0.000050 0.000034 0.08 0.20010 0.00333 0.0625 0.0017 0.07935 0.00108 4.7424 0.0812 1226 32 1233 19 1181 27 1233 19 104
63.1 99 60 0.61 0.000080 0.000056 0.13 0.17996 0.00384 0.0798 0.0024 0.09331 0.00130 3.7163 0.0646 1552 45 1536 24 1494 27 1494 27 103
64.1 137 73 0.53 0.000011 0.000020 0.02 0.15566 0.00427 0.0897 0.0032 0.10541 0.00179 3.2713 0.0637 1736 60 1719 29 1721 31 1721 31 100
65.1 110 50 0.45 0.000083 0.000041 0.13 0.13008 0.00291 0.0826 0.0033 0.10021 0.00109 3.4948 0.0928 1603 61 1622 38 1628 20 1628 20 100
66.1 189 232 1.23 0.000061 0.000027 0.10 0.36571 0.00821 0.0850 0.0031 0.10148 0.00185 3.5059 0.0861 1648 58 1618 35 1651 34 1651 34 98
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 276 347 1.26 0.000031 0.000019 0.05 0.35231 0.00427 0.0747 0.0019 0.10494 0.00128 3.7562 0.0723 1456 36 1522 26 1713 23 1713 23 89
2.1 497 377 0.76 0.001595 0.000153 2.55 0.19391 0.00593 0.0563 0.0020 0.09898 0.00276 4.5344 0.0705 1106 38 1285 18 1605 53 1605 53 80
3.1 123 128 1.04 0.000020 0.000020 0.03 0.29821 0.00983 0.0598 0.0024 0.07651 0.00311 4.7507 0.0872 1174 46 1231 21 1109 83 1226 20 111
4.1 378 273 0.72 0.000237 0.000065 0.38 0.17382 0.00338 0.0444 0.0011 0.08015 0.00136 5.4181 0.0713 878 21 1092 13 1201 34 1201 34 91
5.1 127 125 0.98 0.000040 0.000035 0.07 0.26965 0.00398 0.0913 0.0024 0.10852 0.00156 3.0099 0.0529 1766 44 1849 28 1775 27 1775 27 104
6.1 111 139 1.26 0.000114 0.000052 0.18 0.36038 0.01133 0.0681 0.0033 0.08599 0.00204 4.2016 0.1293 1331 62 1376 38 1338 47 1374 38 103
7.1 19 8 0.43 0.000020 0.000020 0.03 0.12119 0.00541 0.1001 0.0088 0.10913 0.00284 2.8152 0.1795 1929 162 1959 109 1785 48 1785 48 110
9.1 85 79 0.92 0.000045 0.000030 0.07 0.27486 0.00861 0.0567 0.0025 0.07632 0.00272 5.2395 0.1361 1114 47 1126 27 1103 73 1126 27 102
10.1 195 78 0.40 0.000166 0.000179 0.27 0.10920 0.00670 0.0799 0.0057 0.10583 0.00297 3.4034 0.0975 1554 107 1661 42 1729 52 1729 52 96
11.1 213 123 0.58 0.000128 0.000040 0.21 0.15518 0.00275 0.0892 0.0035 0.10701 0.00221 3.0157 0.0889 1727 64 1846 48 1749 38 1749 38 106
12.1 135 43 0.32 0.000016 0.000024 0.03 0.09456 0.00256 0.1140 0.0042 0.11973 0.00121 2.5828 0.0534 2182 75 2110 37 1952 18 1952 18 108
13.1 297 321 1.08 0.000029 0.000023 0.05 0.30614 0.00627 0.0812 0.0021 0.09861 0.00175 3.4809 0.0491 1578 39 1628 20 1598 34 1598 34 102
14.1 80 62 0.77 0.000024 0.000019 0.04 0.22340 0.00511 0.0848 0.0035 0.09763 0.00326 3.4084 0.0995 1645 66 1658 43 1579 64 1579 64 105
16.1 159 202 1.27 0.000110 0.000053 0.18 0.35806 0.00593 0.0843 0.0024 0.10303 0.00215 3.3566 0.0669 1635 45 1681 30 1679 39 1679 39 100
17.1 140 118 0.84 0.000020 0.000020 0.03 0.24400 0.00599 0.0618 0.0029 0.07889 0.00168 4.6767 0.1553 1212 55 1249 38 1169 43 1245 38 107
18.1 337 121 0.36 0.000048 0.000043 0.08 0.10001 0.00238 0.0576 0.0019 0.07929 0.00110 4.8473 0.0920 1131 37 1209 21 1179 28 1208 21 102
19.1 259 121 0.47 0.000081 0.000038 0.13 0.13276 0.00275 0.0719 0.0025 0.08969 0.00132 3.9525 0.0905 1403 47 1454 30 1419 28 1419 28 103
20.1 203 139 0.69 0.000152 0.000155 0.24 0.18334 0.00745 0.0787 0.0041 0.09759 0.00265 3.3911 0.0925 1532 77 1666 40 1579 52 1579 52 106
21.1 91 60 0.66 0.000020 0.000020 0.03 0.18834 0.00747 0.0765 0.0041 0.10068 0.00360 3.7517 0.1115 1490 78 1523 40 1637 68 1637 68 93
22.1 65 80 1.22 0.000020 0.000020 0.03 0.35176 0.00822 0.0605 0.0028 0.08099 0.00244 4.7716 0.1608 1187 53 1227 38 1221 60 1227 38 100
23.1 231 173 0.75 0.000084 0.000062 0.13 0.21541 0.00484 0.0526 0.0018 0.07743 0.00180 5.4864 0.1213 1036 35 1079 22 1132 47 1079 22 96
24.1 193 135 0.70 0.000023 0.000032 0.04 0.19376 0.00800 0.0868 0.0043 0.11002 0.00283 3.1961 0.0744 1682 80 1755 36 1800 48 1800 48 98
25.1 340 197 0.58 0.000162 0.000055 0.26 0.16286 0.00316 0.0531 0.0014 0.07519 0.00122 5.2936 0.0847 1045 27 1115 16 1074 33 1115 16 104
26.1 273 366 1.34 0.000077 0.000055 0.12 0.34844 0.00492 0.0726 0.0030 0.09936 0.00144 3.5744 0.1148 1417 56 1590 45 1612 27 1612 27 99
27.1 73 216 2.96 0.000545 0.000561 0.87 0.85697 0.02641 0.0617 0.0045 0.07850 0.00910 4.5165 0.2486 1210 85 1289 65 1159 249 1247 63 108
28.1 265 62 0.23 0.000048 0.000030 0.08 0.06327 0.00258 0.0863 0.0039 0.11030 0.00230 3.2495 0.0518 1674 72 1730 24 1804 38 1804 38 99
29.1 274 173 0.63 0.000042 0.000041 0.07 0.18395 0.00384 0.0695 0.0022 0.08652 0.00163 4.1824 0.0792 1359 42 1382 24 1350 37 1382 24 102
30.1 224 140 0.62 0.000048 0.000058 0.08 0.17304 0.00434 0.0785 0.0032 0.09638 0.00147 3.5422 0.0993 1527 61 1603 40 1555 29 1555 29 103
31.1 94 63 0.67 0.000070 0.000035 0.11 0.17851 0.00456 0.0766 0.0033 0.09706 0.00196 3.4762 0.1010 1492 62 1630 42 1568 38 1568 38 104
32.1 253 194 0.77 0.000104 0.000090 0.17 0.21684 0.00445 0.0815 0.0027 0.10223 0.00180 3.4742 0.0752 1584 50 1631 31 1665 33 1665 33 98
33.1 154 250 1.62 0.000127 0.000081 0.20 0.39138 0.00673 0.0621 0.0019 0.10202 0.00184 3.8934 0.0802 1218 35 1474 27 1661 34 1661 34 89
34.1 507 174 0.34 0.000020 0.000020 0.03 0.09930 0.00199 0.0597 0.0015 0.08246 0.00096 4.8573 0.0585 1171 28 1207 13 1256 23 1207 13 96
35.1 100 61 0.61 0.000201 0.000085 0.32 0.16581 0.00794 0.0883 0.0066 0.10929 0.00278 3.1006 0.1516 1710 124 1802 77 1788 47 1788 47 101
36.1 81 142 1.76 0.000464 0.000173 0.74 0.47570 0.01646 0.0756 0.0036 0.09111 0.00480 3.5818 0.0997 1473 67 1587 39 1449 104 1587 39 110
37.1 217 150 0.69 0.000017 0.000016 0.03 0.20075 0.00492 0.0542 0.0028 0.07830 0.00218 5.3750 0.2047 1066 53 1100 39 1155 56 1100 39 96
38.1 149 107 0.72 0.000042 0.000039 0.07 0.20316 0.00426 0.0773 0.0024 0.09639 0.00242 3.6662 0.0738 1505 45 1555 28 1555 48 1555 48 100
39.1 158 104 0.66 0.000192 0.000084 0.31 0.18015 0.00683 0.0631 0.0029 0.08609 0.00225 4.3446 0.1019 1236 56 1335 28 1340 51 1335 28 100
40.1 152 74 0.48 0.000094 0.000038 0.15 0.13169 0.00327 0.0969 0.0051 0.11310 0.00183 2.8136 0.1096 1869 94 1960 66 1850 29 1850 29 106
41.1 285 257 0.90 0.000117 0.000089 0.19 0.23345 0.00779 0.0669 0.0026 0.09733 0.00248 3.8635 0.0650 1309 49 1484 22 1574 48 1574 48 94
42.1 185 136 0.74 0.000148 0.000088 0.24 0.20883 0.00490 0.0749 0.0024 0.09220 0.00218 3.7853 0.0664 1460 46 1511 24 1471 46 1471 46 103
43.1 178 173 0.97 0.000020 0.000020 0.03 0.27802 0.00749 0.0596 0.0022 0.08247 0.00166 4.7975 0.1008 1169 42 1221 23 1257 40 1221 23 97
44.1 239 49 0.21 0.000004 0.000006 0.01 0.05582 0.00295 0.1006 0.0062 0.12818 0.00183 2.7066 0.0520 1937 114 2027 34 2073 25 2073 25 98
45.1 251 241 0.96 0.000216 0.000123 0.35 0.24775 0.00641 0.0623 0.0023 0.09739 0.00226 4.1457 0.0947 1222 44 1393 29 1575 44 1575 44 89
46.1 303 277 0.92 0.000035 0.000021 0.06 0.25015 0.00601 0.0754 0.0025 0.09805 0.00177 3.6251 0.0748 1469 48 1570 29 1587 34 1587 34 99
47.1 490 143 0.29 0.000020 0.000020 0.03 0.08075 0.00334 0.0500 0.0024 0.07563 0.00098 5.5435 0.1121 986 46 1069 20 1085 26 1069 20 99
48.1 77 63 0.82 0.000337 0.000321 0.54 0.22018 0.01468 0.0598 0.0058 0.07814 0.00608 4.4838 0.2729 1174 111 1298 72 1151 163 1290 72 112
Table 3.2. U-Th-Pb isotopic analyses of zircon from the Limbla Member, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
49.1 103 93 0.90 0.000112 0.000096 0.18 0.26074 0.00779 0.0716 0.0030 0.09049 0.00324 4.0376 0.1067 1397 57 1426 34 1436 70 1426 34 99
50.1 263 55 0.21 0.000163 0.000053 0.26 0.05468 0.00247 0.0838 0.0047 0.10480 0.00288 3.1404 0.0892 1626 88 1782 44 1711 51 1711 51 104
51.1 75 24 0.32 0.000020 0.000020 0.03 0.09472 0.00713 0.0503 0.0057 0.07929 0.00346 5.9039 0.4240 992 110 1009 67 1179 89 1179 89 86
52.1 177 71 0.40 0.000423 0.000207 0.68 0.09656 0.00810 0.0514 0.0049 0.07814 0.00421 4.6743 0.1641 1012 93 1250 40 1150 111 1250 40 108
53.1 725 1070 1.47 0.003343 0.000230 5.35 0.37807 0.01031 0.0320 0.0011 0.09785 0.00413 8.0164 0.1438 636 21 758 13 1584 81 1584 81 48
54.1 58 62 1.06 0.000169 0.000170 0.27 0.28745 0.02340 0.0718 0.0076 0.10337 0.00408 3.7642 0.2176 1401 144 1519 79 1686 75 1686 75 90
55.1 171 55 0.32 0.000358 0.000157 0.57 0.08099 0.00670 0.0458 0.0041 0.06858 0.00366 5.4141 0.1550 904 79 1093 29 886 114 1085 29 122
56.1 134 114 0.85 0.000085 0.000077 0.14 0.24705 0.00738 0.0702 0.0031 0.09136 0.00219 4.1307 0.1136 1372 58 1398 35 1454 46 1398 35 96
57.1 189 141 0.74 0.000099 0.000138 0.16 0.20794 0.00631 0.0798 0.0034 0.10208 0.00300 3.5014 0.0862 1551 64 1620 35 1662 56 1662 56 97
58.1 116 116 1.00 0.000145 0.000087 0.23 0.26119 0.01080 0.1200 0.0064 0.16433 0.00256 2.1772 0.0635 2291 116 2436 59 2501 26 2501 26 97
59.1 203 160 0.79 0.000052 0.000041 0.08 0.21318 0.00422 0.0743 0.0032 0.10089 0.00173 3.6414 0.1190 1448 60 1564 46 1641 32 1641 32 95
60.1 127 165 1.30 0.000020 0.000020 0.03 0.38269 0.00837 0.0546 0.0019 0.07934 0.00340 5.4232 0.1288 1075 37 1091 24 1181 87 1091 24 93
61.1 237 249 1.05 0.000023 0.000022 0.04 0.29281 0.00650 0.0855 0.0038 0.10061 0.00252 3.2633 0.1080 1658 71 1723 50 1635 47 1635 47 105
62.1 120 171 1.43 0.000200 0.000164 0.32 0.38113 0.01131 0.0510 0.0022 0.07357 0.00312 5.2138 0.1364 1006 43 1131 27 1030 88 1127 27 109
63.1 204 198 0.97 0.000039 0.000023 0.06 0.26374 0.00555 0.0892 0.0027 0.10658 0.00152 3.0604 0.0541 1727 50 1823 28 1742 26 1742 26 105
64.1 147 79 0.54 0.000020 0.000020 0.03 0.15682 0.00899 0.0584 0.0042 0.08216 0.00270 5.0230 0.1988 1147 81 1170 42 1249 66 1170 42 94
65.1 166 103 0.62 0.000104 0.000096 0.17 0.17014 0.00509 0.0732 0.0030 0.10116 0.00228 3.7315 0.0817 1428 57 1531 30 1646 42 1646 42 93
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 357 331 0.93 0.003286 0.000231 5.58 0.19486 0.01049 0.0290 0.0018 0.07412 0.00404 7.2518 0.1767 577 35 833 19 1045 114 1045 114 80
2.1 49 42 0.87 0.000582 0.000171 0.83 0.22113 0.01004 0.1254 0.0086 0.15981 0.00399 2.0350 0.0899 2389 155 2577 95 2454 43 2454 43 105
4.1 125 108 0.87 0.000103 0.000092 0.16 0.24562 0.00633 0.0813 0.0028 0.10025 0.00253 3.4811 0.0679 1579 53 1628 28 1629 48 1629 48 100
5.1 109 68 0.62 0.000020 0.000020 0.03 0.19462 0.00712 0.0519 0.0024 0.07393 0.00130 6.0208 0.1472 1023 47 991 22 1039 36 991 22 96
6.1 145 86 0.59 0.000046 0.000035 0.07 0.14501 0.00269 0.0786 0.0021 0.11246 0.00155 3.1263 0.0493 1529 39 1789 25 1839 25 1839 25 97
7.1 156 106 0.68 0.000200 0.000089 0.28 0.16146 0.00407 0.1024 0.0035 0.16558 0.00189 2.3222 0.0450 1970 65 2309 38 2513 19 2513 19 92
8.1 266 104 0.39 0.000129 0.000056 0.20 0.10162 0.00249 0.0795 0.0024 0.10918 0.00123 3.2708 0.0408 1546 44 1720 19 1786 21 1786 21 96
9.1 55 46 0.83 0.000020 0.000020 0.03 0.23765 0.00679 0.1026 0.0050 0.11145 0.00268 2.7817 0.0964 1973 91 1980 59 1823 44 1823 44 109
10.1 181 113 0.63 0.000222 0.000153 0.34 0.18346 0.00623 0.0892 0.0035 0.11131 0.00274 3.2885 0.0524 1728 65 1712 24 1821 45 1821 45 94
11.1 71 26 0.37 0.000345 0.000109 0.57 0.10016 0.00656 0.0584 0.0042 0.07966 0.00227 4.6345 0.1146 1147 81 1260 28 1189 57 1260 28 106
12.1 291 114 0.39 0.000026 0.000015 0.04 0.11834 0.00205 0.1011 0.0030 0.11476 0.00079 2.9904 0.0575 1946 55 1860 31 1876 12 1876 12 99
13.1 267 177 0.66 0.000189 0.000064 0.32 0.19006 0.00361 0.0522 0.0013 0.07627 0.00145 5.5147 0.0702 1028 24 1074 13 1102 39 1074 13 98
14.1 180 58 0.32 0.000270 0.000115 0.46 0.09361 0.00578 0.0540 0.0036 0.07514 0.00211 5.3562 0.1154 1063 70 1103 22 1072 57 1103 22 103
15.1 91 52 0.58 0.000164 0.000082 0.23 0.16213 0.00385 0.1357 0.0054 0.16268 0.00195 2.0671 0.0551 2573 96 2544 56 2484 20 2484 20 102
16.1 401 98 0.24 0.000173 0.000044 0.27 0.07014 0.00200 0.0913 0.0033 0.10987 0.00171 3.1551 0.0603 1767 62 1775 30 1797 29 1797 29 99
17.1 278 195 0.70 0.000241 0.000046 0.37 0.16996 0.00313 0.0769 0.0022 0.11155 0.00158 3.1524 0.0570 1497 41 1776 28 1825 26 1825 26 97
18.1 211 110 0.52 0.000133 0.000033 0.19 0.13100 0.00202 0.1253 0.0040 0.16726 0.00123 2.0119 0.0480 2386 73 2601 51 2530 12 2530 12 103
19.1 84 86 1.03 0.000731 0.000223 1.22 0.29145 0.01050 0.0587 0.0036 0.07275 0.00421 4.7600 0.2006 1152 69 1229 47 1007 122 1229 47 121
20.1 115 68 0.59 0.000360 0.000135 0.58 0.15890 0.00857 0.0825 0.0050 0.09542 0.00288 3.2926 0.0761 1601 93 1710 35 1536 58 1536 58 111
21.1 923 276 0.30 0.007026 0.000305 11.95 0.11133 0.01591 0.0312 0.0045 0.07370 0.00534 11.9365 0.1681 622 88 519 7 1033 154 1033 154 50
22.1 140 39 0.28 0.000094 0.000051 0.15 0.07821 0.00350 0.0910 0.0055 0.11037 0.00233 3.0451 0.0990 1760 103 1831 52 1805 39 1805 39 101
23.1 141 77 0.55 0.000158 0.000102 0.24 0.15344 0.00716 0.0909 0.0062 0.11319 0.00478 3.0964 0.1385 1759 115 1804 71 1851 78 1851 78 98
24.1 318 155 0.49 0.000070 0.000017 0.10 0.12313 0.00184 0.1233 0.0034 0.18315 0.00139 2.0524 0.0393 2350 61 2559 41 2682 13 2682 13 95
25.1 184 129 0.70 0.000028 0.000012 0.04 0.19274 0.00314 0.0780 0.0021 0.10311 0.00132 3.5440 0.0666 1517 40 1602 27 1681 24 1681 24 95
26.1 148 95 0.64 0.000009 0.000009 0.01 0.17753 0.00281 0.1331 0.0033 0.16698 0.00138 2.0730 0.0297 2526 58 2538 30 2528 14 2528 14 100
27.1 258 188 0.73 0.000096 0.000068 0.15 0.20383 0.00320 0.0932 0.0025 0.11089 0.00169 2.9894 0.0566 1802 47 1860 31 1814 28 1814 28 103
28.1 142 101 0.71 0.000138 0.000050 0.22 0.20072 0.00600 0.0769 0.0029 0.09525 0.00205 3.6643 0.0701 1498 54 1556 26 1533 41 1533 41 102
29.1 120 317 2.64 0.000280 0.000166 0.38 0.58478 0.01113 0.1282 0.0052 0.18085 0.00392 1.7282 0.0534 2438 93 2943 73 2661 36 2661 36 111
30.1 198 81 0.41 0.000168 0.000043 0.25 0.09530 0.00214 0.0855 0.0027 0.13125 0.00120 2.7312 0.0474 1659 51 2011 30 2115 16 2115 16 95
31.1 13 4 0.30 0.000283 0.000279 0.39 0.08484 0.01064 0.1467 0.0210 0.18085 0.00653 1.9062 0.0973 2767 373 2719 114 2661 61 2661 61 102
32.1 330 219 0.66 0.000574 0.000108 0.83 0.16085 0.00455 0.0797 0.0036 0.14910 0.00252 3.0427 0.0922 1550 68 1832 49 2336 29 2336 29 78
33.1 255 148 0.58 0.000047 0.000033 0.07 0.14413 0.00236 0.1125 0.0033 0.15646 0.00101 2.2138 0.0421 2156 59 2403 38 2418 11 2418 11 99
34.1 200 119 0.60 0.000360 0.000141 0.61 0.17903 0.00698 0.0521 0.0025 0.07196 0.00248 5.7548 0.1336 1027 48 1033 22 985 72 1033 22 105
35.1 1367 5611 4.11 0.006421 0.000478 10.44 0.12636 0.01839 0.0021 0.0003 0.08993 0.00793 14.8799 0.1411 42 6 419 4 1424 178 1424 178 29
36.1 204 100 0.49 0.000020 0.000020 0.03 0.14888 0.00445 0.0488 0.0019 0.07110 0.00096 6.2403 0.1389 963 37 958 20 960 28 958 20 100
37.1 286 269 0.94 0.000200 0.000056 0.31 0.26338 0.00308 0.0886 0.0020 0.11201 0.00111 3.1568 0.0528 1716 37 1774 26 1832 18 1832 18 97
38.1 305 285 0.93 0.000121 0.000042 0.19 0.24130 0.00285 0.0763 0.0018 0.10975 0.00103 3.3898 0.0590 1486 34 1666 26 1795 17 1795 17 93
39.1 318 1034 3.25 0.001100 0.000108 1.69 0.04784 0.00406 0.0036 0.0003 0.11531 0.00212 4.0455 0.0799 73 7 1424 25 1885 33 1885 33 76
40.1 176 100 0.57 0.000307 0.000105 0.48 0.14661 0.00469 0.0835 0.0031 0.10732 0.00193 3.0992 0.0473 1620 58 1803 24 1754 33 1754 33 103
41.1 431 452 1.05 0.000446 0.000067 0.69 0.20004 0.00319 0.0450 0.0012 0.11205 0.00142 4.2347 0.0743 890 23 1367 22 1833 23 1833 23 75
42.1 377 223 0.59 0.000160 0.000030 0.24 0.09063 0.00161 0.0541 0.0013 0.12275 0.00140 2.8326 0.0422 1066 26 1949 25 1997 20 1997 20 98
43.1 1219 768 0.63 0.001433 0.000080 2.30 0.08721 0.00322 0.0230 0.0009 0.09453 0.00141 6.0235 0.0618 459 18 990 9 1519 28 1519 28 65
44.1 141 86 0.61 0.000228 0.000067 0.35 0.13024 0.00461 0.0743 0.0031 0.11038 0.00195 2.8642 0.0551 1449 59 1931 32 1806 32 1806 32 107
45.1 132 71 0.54 0.000020 0.000020 0.03 0.16564 0.00413 0.0594 0.0020 0.07749 0.00165 5.1726 0.0974 1166 37 1139 20 1134 43 1139 20 101
46.1 249 167 0.67 0.000127 0.000060 0.20 0.19138 0.00336 0.0905 0.0030 0.10492 0.00146 3.1597 0.0794 1751 56 1773 39 1713 26 1713 26 104
47.1 340 167 0.49 0.000041 0.000017 0.06 0.13857 0.00175 0.0917 0.0018 0.10914 0.00108 3.0807 0.0400 1774 34 1812 21 1785 18 1785 18 102
Table 3.3. U-Th-Pb isotopic analyses of zircon from the Cyclops Member, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 417 336 0.81 0.000795 0.000151 1.24 0.15012 0.00587 0.0453 0.0021 0.10884 0.00250 4.1054 0.0865 896 41 1405 27 1780 42 1780 42 79
49.1 249 61 0.24 0.000020 0.000020 0.03 0.06850 0.00197 0.0885 0.0033 0.10637 0.00107 3.1864 0.0618 1714 61 1760 30 1738 19 1738 19 101
50.1 353 161 0.46 0.000172 0.000055 0.30 0.13442 0.00603 0.0449 0.0024 0.06763 0.00126 6.5450 0.1636 888 47 917 21 857 39 917 21 107
51.1 108 69 0.63 0.000716 0.000167 1.14 0.15873 0.00789 0.0791 0.0056 0.09932 0.00294 3.1755 0.1363 1538 105 1765 67 1611 56 1611 56 110
52.1 284 353 1.24 0.000647 0.000158 1.13 0.36772 0.00901 0.0394 0.0013 0.06170 0.00274 7.4941 0.1384 781 25 807 14 664 98 807 14 121
53.1 578 1131 1.96 0.003342 0.000220 4.92 0.13220 0.00901 0.0104 0.0007 0.13771 0.00361 6.4693 0.1015 210 15 927 14 2199 46 2199 46 42
54.1 189 96 0.51 0.000213 0.000088 0.33 0.13518 0.00408 0.0872 0.0031 0.11306 0.00166 3.0556 0.0460 1690 57 1825 24 1849 27 1849 27 99
55.1 107 76 0.72 0.000020 0.000020 0.03 0.21680 0.00387 0.0996 0.0028 0.11297 0.00125 3.0420 0.0576 1918 52 1832 30 1848 20 1848 20 99
56.1 276 75 0.27 0.000020 0.000020 0.03 0.08086 0.00134 0.0930 0.0027 0.10774 0.00071 3.2007 0.0612 1798 50 1753 29 1761 12 1761 12 100
57.1 223 87 0.39 0.000019 0.000009 0.03 0.10934 0.00157 0.0852 0.0029 0.11118 0.00075 3.3057 0.0847 1653 53 1704 38 1819 12 1819 12 94
58.1 106 69 0.65 0.000252 0.000112 0.39 0.16135 0.00491 0.0747 0.0034 0.10950 0.00230 3.3025 0.0912 1456 63 1705 42 1791 39 1791 39 95
59.1 105 87 0.83 0.000009 0.000005 0.01 0.23245 0.00408 0.0959 0.0035 0.11672 0.00156 2.9117 0.0817 1851 65 1903 46 1907 24 1907 24 100
60.1 243 254 1.04 0.000469 0.000138 0.73 0.19618 0.00569 0.0466 0.0026 0.11039 0.00283 4.0338 0.1276 920 51 1428 41 1806 47 1806 47 79
61.1 305 136 0.45 0.000268 0.000153 0.48 0.13329 0.00672 0.0288 0.0016 0.06222 0.00257 10.3557 0.1753 574 31 594 10 682 91 594 10 87
62.1 152 67 0.44 0.000086 0.000033 0.12 0.11964 0.00202 0.1236 0.0028 0.16330 0.00226 2.1862 0.0278 2356 51 2428 26 2490 24 2490 24 98
63.1 124 89 0.72 0.000020 0.000020 0.03 0.21840 0.00405 0.0642 0.0017 0.08151 0.00102 4.7353 0.0778 1257 33 1235 18 1234 25 1234 25 100
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 152 95 0.63 0.000165 0.000089 0.28 0.18382 0.00464 0.0465 0.0016 0.07064 0.00208 6.3153 0.1195 918 30 948 17 947 61 948 17 100
2.1 199 101 0.51 0.000020 0.000020 0.03 0.14607 0.00202 0.0930 0.0020 0.10761 0.00098 3.0932 0.0429 1797 37 1806 22 1759 17 1759 17 103
3.1 56 100 1.78 0.000389 0.000114 0.65 0.52401 0.01565 0.0584 0.0024 0.07627 0.00247 5.0404 0.1222 1146 46 1167 26 1102 66 1146 46 106
4.1 46 105 2.27 0.000076 0.000043 0.12 0.64459 0.01080 0.0849 0.0029 0.10379 0.00286 3.3481 0.0880 1647 54 1685 39 1693 52 1693 52 100
5.1 154 91 0.59 0.000218 0.000095 0.38 0.17582 0.00608 0.0457 0.0018 0.06754 0.00249 6.5272 0.0963 903 34 919 13 854 78 917 13 107
6.1 100 61 0.61 0.000050 0.000017 0.08 0.17461 0.00279 0.0796 0.0023 0.09703 0.00136 3.6176 0.0736 1547 42 1573 28 1568 27 1568 27 100
7.1 149 131 0.88 0.000065 0.000021 0.10 0.25403 0.00282 0.0938 0.0016 0.10963 0.00137 3.0796 0.0356 1812 30 1813 18 1793 23 1793 23 101
8.1 146 140 0.96 0.000082 0.000042 0.13 0.27362 0.00406 0.0931 0.0023 0.10926 0.00162 3.0745 0.0540 1799 43 1815 28 1787 27 1787 27 102
9.1 117 71 0.61 0.000020 0.000020 0.03 0.18096 0.00334 0.0544 0.0016 0.07457 0.00117 5.4736 0.0870 1071 30 1082 16 1057 32 1081 16 102
10.1 483 164 0.34 0.000040 0.000044 0.07 0.09884 0.00276 0.0485 0.0016 0.07133 0.00123 5.9917 0.0904 958 31 995 14 967 36 994 14 103
11.1 37 49 1.34 0.000020 0.000020 0.03 0.39196 0.01302 0.0768 0.0033 0.09102 0.00175 3.8216 0.0797 1496 61 1498 28 1447 37 1447 37 104
12.1 127 77 0.60 0.000278 0.000108 0.48 0.18335 0.00562 0.0449 0.0019 0.06909 0.00213 6.7589 0.1711 888 37 889 21 901 65 889 21 99
13.1 165 85 0.52 0.000133 0.000034 0.21 0.14861 0.00372 0.0983 0.0029 0.11239 0.00148 2.9239 0.0407 1895 54 1896 23 1838 24 1838 24 103
14.1 68 53 0.78 0.000175 0.000059 0.29 0.23613 0.00632 0.0604 0.0023 0.08168 0.00263 5.0446 0.1219 1184 44 1166 26 1238 65 1166 26 95
15.1 130 108 0.83 0.000156 0.000038 0.24 0.23223 0.00511 0.0932 0.0032 0.10854 0.00198 3.0011 0.0690 1801 60 1854 37 1775 34 1775 34 104
16.1 172 43 0.25 0.000157 0.000099 0.26 0.06983 0.00392 0.0586 0.0034 0.07833 0.00201 4.7201 0.0554 1151 65 1239 13 1155 52 1234 13 107
17.1 126 86 0.68 0.000020 0.000020 0.03 0.19606 0.00363 0.1029 0.0034 0.11119 0.00137 2.8048 0.0658 1980 63 1966 40 1819 23 1819 23 108
18.1 166 44 0.26 0.000075 0.000044 0.12 0.07329 0.00190 0.0985 0.0035 0.11285 0.00149 2.8337 0.0546 1899 64 1948 33 1846 24 1846 24 106
19.1 139 72 0.52 0.000020 0.000020 0.03 0.14078 0.00235 0.0898 0.0044 0.11605 0.00137 3.0312 0.1192 1738 81 1838 63 1896 21 1896 21 97
20.1 227 73 0.32 0.000093 0.000036 0.16 0.09590 0.00204 0.0512 0.0012 0.07184 0.00164 5.7892 0.0517 1009 24 1027 8 981 47 1025 8 105
21.1 263 123 0.47 0.000033 0.000016 0.05 0.13406 0.00173 0.0893 0.0015 0.10964 0.00096 3.2177 0.0311 1728 28 1745 15 1793 16 1793 16 97
22.1 148 58 0.39 0.000020 0.000020 0.03 0.11645 0.00284 0.0661 0.0020 0.08496 0.00183 4.5074 0.0548 1294 37 1292 14 1315 42 1292 14 98
23.1 271 100 0.37 0.000026 0.000015 0.04 0.10454 0.00242 0.0924 0.0025 0.11615 0.00106 3.0644 0.0355 1786 46 1821 18 1898 17 1898 17 96
24.1 79 70 0.89 0.000189 0.000093 0.29 0.25037 0.00550 0.0935 0.0036 0.11051 0.00179 3.0064 0.0785 1806 67 1851 42 1808 30 1808 30 102
25.1 67 130 1.92 0.000020 0.000020 0.03 0.57899 0.00851 0.0584 0.0014 0.07560 0.00133 5.1506 0.0772 1147 26 1144 16 1084 36 1141 16 105
26.1 106 55 0.52 0.000020 0.000020 0.03 0.13553 0.00191 0.1314 0.0033 0.16441 0.00216 2.0002 0.0331 2495 60 2614 36 2502 22 2502 22 105
27.1 200 195 0.98 0.000020 0.000020 0.03 0.27582 0.00224 0.0920 0.0016 0.11025 0.00082 3.0675 0.0384 1778 30 1819 20 1804 14 1804 14 101
28.1 95 70 0.74 0.000020 0.000020 0.03 0.21150 0.00486 0.0924 0.0031 0.11017 0.00313 3.1028 0.0674 1785 58 1801 34 1802 53 1802 53 100
29.1 240 89 0.37 0.000020 0.000020 0.03 0.09411 0.00260 0.0835 0.0025 0.10957 0.00096 3.0353 0.0330 1620 47 1836 17 1792 16 1792 16 102
30.1 130 121 0.94 0.000078 0.000029 0.12 0.27184 0.00297 0.0952 0.0032 0.11230 0.00101 3.0513 0.0809 1838 58 1827 42 1837 16 1837 16 100
31.1 218 194 0.89 0.000149 0.000038 0.25 0.25546 0.00469 0.0643 0.0015 0.08169 0.00096 4.4531 0.0565 1259 29 1306 15 1238 23 1302 15 105
32.1 137 58 0.42 0.000047 0.000017 0.07 0.09994 0.00152 0.0858 0.0022 0.12281 0.00173 2.7437 0.0474 1664 41 2003 30 1997 25 1997 25 100
33.1 114 80 0.71 0.000105 0.000044 0.17 0.20246 0.00358 0.0810 0.0022 0.09732 0.00113 3.5417 0.0600 1574 40 1603 24 1573 22 1573 22 102
34.1 105 52 0.50 0.000137 0.000079 0.21 0.14224 0.00455 0.0952 0.0041 0.11177 0.00289 2.9949 0.0728 1838 75 1857 39 1828 48 1828 48 102
35.1 106 36 0.34 0.000215 0.000051 0.34 0.08962 0.00237 0.0868 0.0030 0.10597 0.00143 3.0327 0.0534 1682 55 1837 28 1731 25 1731 25 106
37.1 86 67 0.77 0.000063 0.000034 0.10 0.22652 0.00718 0.0808 0.0030 0.09842 0.00138 3.6292 0.0586 1570 56 1569 23 1594 26 1594 26 98
38.1 38 42 1.08 0.000400 0.000103 0.62 0.29151 0.00585 0.0958 0.0033 0.11377 0.00218 2.8062 0.0667 1850 61 1965 40 1860 35 1860 35 106
36.1 239 115 0.48 0.000057 0.000038 0.09 0.13349 0.00182 0.0924 0.0017 0.11416 0.00169 3.0000 0.0287 1785 31 1855 15 1867 27 1867 27 99
39.1 149 150 1.01 0.000043 0.000013 0.07 0.28902 0.00322 0.0770 0.0018 0.09547 0.00107 3.7113 0.0667 1499 34 1538 25 1537 21 1537 21 100
40.1 54 85 1.58 0.000110 0.000066 0.17 0.45321 0.00676 0.0923 0.0034 0.10476 0.00269 3.1076 0.0884 1784 63 1798 45 1710 48 1710 48 105
41.1 117 55 0.47 0.000141 0.000076 0.22 0.12963 0.00492 0.0941 0.0040 0.11432 0.00154 2.9592 0.0429 1818 73 1877 24 1869 24 1869 24 100
42.1 122 156 1.28 0.000043 0.000015 0.07 0.35435 0.00296 0.0986 0.0016 0.11604 0.00088 2.8179 0.0345 1900 30 1958 21 1896 14 1896 14 103
43.1 89 61 0.68 0.000062 0.000023 0.09 0.18811 0.00212 0.1315 0.0039 0.16094 0.00208 2.0906 0.0482 2497 69 2520 48 2466 22 2466 22 102
44.1 119 57 0.48 0.000076 0.000023 0.12 0.13818 0.00261 0.0998 0.0024 0.11361 0.00138 2.8714 0.0368 1923 45 1926 21 1858 22 1858 22 104
45.1 111 64 0.58 0.000020 0.000020 0.03 0.17242 0.00286 0.0603 0.0019 0.08141 0.00106 4.9470 0.1079 1183 35 1187 24 1231 26 1187 24 97
46.1 96 46 0.48 0.000007 0.000003 0.01 0.14295 0.00434 0.0515 0.0020 0.07142 0.00183 5.7941 0.1267 1014 39 1026 21 969 53 1024 21 106
47.1 62 34 0.54 0.000020 0.000020 0.03 0.15287 0.00275 0.0979 0.0026 0.11375 0.00148 2.8934 0.0493 1889 49 1914 28 1860 24 1860 24 103
Table 3.4. U-Th-Pb isotopic analyses of zircon from the Grant Bluff Formation, Georgina Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 162 181 1.12 0.000009 0.000003 0.01 0.30572 0.00468 0.1481 0.0029 0.18558 0.00149 1.8431 0.0172 2791 51 2794 21 2703 13 2703 13 103
49.1 162 96 0.60 0.000008 0.000003 0.01 0.14875 0.00172 0.0859 0.0018 0.11218 0.00125 2.9081 0.0445 1666 34 1905 25 1835 20 1835 20 104
50.1 155 70 0.45 0.000121 0.000077 0.19 0.12568 0.00347 0.1001 0.0031 0.11546 0.00139 2.7929 0.0332 1928 57 1973 20 1887 22 1887 22 105
51.1 297 198 0.67 0.000029 0.000029 0.05 0.18902 0.00354 0.0768 0.0018 0.09782 0.00089 3.6833 0.0412 1495 33 1548 15 1583 17 1583 17 98
52.1 279 128 0.46 0.000069 0.000040 0.11 0.12321 0.00183 0.0890 0.0016 0.11290 0.00092 3.0245 0.0253 1724 29 1841 13 1847 15 1847 15 100
53.1 326 234 0.72 0.000020 0.000020 0.03 0.20823 0.00159 0.0964 0.0016 0.11300 0.00141 2.9998 0.0371 1860 29 1855 20 1848 23 1848 23 100
54.1 92 72 0.78 0.000126 0.000049 0.18 0.19949 0.00424 0.1224 0.0037 0.16558 0.00278 2.0868 0.0299 2334 67 2524 30 2513 28 2513 28 100
55.1 237 109 0.46 0.000020 0.000020 0.03 0.13599 0.00165 0.0666 0.0011 0.08485 0.00079 4.4269 0.0347 1303 20 1313 9 1312 18 1313 9 100
56.1 133 91 0.68 0.000075 0.000021 0.11 0.18963 0.00339 0.1336 0.0037 0.16576 0.00196 2.0724 0.0377 2535 66 2538 38 2515 20 2515 20 101
57.1 325 303 0.93 0.000026 0.000014 0.04 0.26956 0.00309 0.0804 0.0021 0.09825 0.00085 3.5877 0.0712 1563 39 1585 28 1591 16 1591 16 100
58.1 129 130 1.01 0.000020 0.000020 0.03 0.27630 0.00247 0.1380 0.0025 0.16781 0.00141 1.9790 0.0245 2612 44 2637 27 2536 14 2536 14 104
59.1 93 64 0.69 0.000307 0.000094 0.53 0.20672 0.00543 0.0469 0.0021 0.06620 0.00367 6.3494 0.1884 927 40 943 26 813 120 943 26 116
60.1 284 45 0.16 0.000020 0.000020 0.03 0.04613 0.00099 0.0912 0.0022 0.10959 0.00074 3.1812 0.0264 1764 40 1762 13 1793 12 1793 12 98
61.1 110 95 0.86 0.000020 0.000020 0.03 0.24899 0.00296 0.0955 0.0021 0.11277 0.00112 3.0157 0.0470 1843 38 1846 25 1845 18 1845 18 100
62.1 76 72 0.94 0.000020 0.000020 0.03 0.27544 0.00454 0.0782 0.0024 0.09113 0.00252 3.7514 0.0798 1522 44 1523 29 1449 54 1449 54 105
63.1 224 87 0.39 0.000067 0.000044 0.11 0.09702 0.00236 0.0466 0.0016 0.07489 0.00098 5.3757 0.1084 920 31 1100 20 1066 26 1100 20 103
64.1 142 136 0.96 0.000116 0.000045 0.19 0.28322 0.00389 0.0659 0.0014 0.08154 0.00118 4.4485 0.0616 1289 27 1307 16 1235 29 1303 16 106
65.1 42 19 0.45 0.000562 0.000350 0.97 0.12282 0.01388 0.0405 0.0049 0.06275 0.00675 6.6764 0.2222 803 94 900 28 700 248 900 28 128
66.1 150 38 0.26 0.000186 0.000053 0.32 0.07092 0.00274 0.0450 0.0022 0.07388 0.00151 6.1894 0.1397 890 42 965 20 1038 42 965 20 93
67.1 81 50 0.62 0.000161 0.000097 0.28 0.18308 0.00775 0.0401 0.0019 0.07009 0.00245 7.3866 0.1497 794 38 818 16 931 74 818 16 88
68.1 113 82 0.73 0.000020 0.000020 0.03 0.21125 0.00343 0.0831 0.0018 0.09964 0.00094 3.4899 0.0408 1614 33 1624 17 1617 18 1617 18 100
69.1 99 125 1.26 0.000020 0.000020 0.03 0.36207 0.00386 0.0799 0.0023 0.09764 0.00160 3.6119 0.0831 1553 43 1576 32 1579 31 1579 31 100
70.1 111 42 0.38 0.000090 0.000046 0.15 0.10876 0.00311 0.0697 0.0025 0.08492 0.00196 4.0698 0.0739 1363 47 1416 23 1314 45 1410 23 107
71.1 152 59 0.39 0.000078 0.000022 0.12 0.10808 0.00239 0.0936 0.0031 0.11833 0.00179 2.9982 0.0607 1809 58 1855 33 1931 27 1931 27 96
72.1 185 89 0.48 0.000013 0.000005 0.02 0.10238 0.00219 0.0748 0.0027 0.11898 0.00128 2.8393 0.0692 1459 52 1945 41 1941 19 1941 19 100
73.1 36 35 0.97 0.000172 0.000057 0.26 0.27636 0.00568 0.1113 0.0062 0.13118 0.00245 2.5678 0.1136 2133 113 2120 80 2114 33 2114 33 100
74.1 310 177 0.57 0.000020 0.000020 0.03 0.16139 0.00161 0.0998 0.0017 0.11726 0.00156 2.8317 0.0344 1923 31 1950 20 1915 24 1915 24 102
75.1 475 88 0.19 0.000043 0.000011 0.07 0.05335 0.00068 0.0945 0.0015 0.11021 0.00087 3.0376 0.0247 1825 28 1835 13 1803 14 1803 14 102
76.1 161 63 0.39 0.000031 0.000021 0.05 0.11534 0.00180 0.1009 0.0022 0.11397 0.00139 2.9345 0.0378 1943 40 1890 21 1864 22 1864 22 101
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 60 45 0.76 0.001447 0.000778 2.95 0.23624 0.01649 0.0541 0.0055 0.07945 0.01272 5.7554 0.3732 1065 106 1033 62 1183 354 1033 62 88
2.1 243 166 0.68 0.000926 0.000273 0.82 0.19888 0.00817 0.0510 0.0026 0.06767 0.00446 5.7135 0.1473 1005 50 1040 25 859 143 1040 25 120
3.1 97 112 1.16 0.000032 0.000017 0.65 0.36849 0.01181 0.0493 0.0029 0.07560 0.00198 6.4437 0.2159 973 57 930 29 1085 53 1085 53 86
4.1 245 123 0.50 0.000190 0.000049 0.31 0.13543 0.00461 0.0857 0.0035 0.10336 0.00164 3.1418 0.0594 1662 64 1781 30 1685 30 1685 30 106
5.1 154 138 0.90 0.000447 0.000113 0.72 0.24051 0.01115 0.0719 0.0076 0.09589 0.00311 3.7357 0.2992 1403 143 1529 110 1546 62 1546 62 99
8.1 31 28 0.92 0.001488 0.000830 1.64 0.30513 0.02038 0.0822 0.0066 0.08299 0.01346 4.0359 0.1471 1596 124 1427 47 1269 354 1427 47 112
9.1 86 31 0.36 0.000242 0.000163 0.39 0.09568 0.01026 0.1298 0.0148 0.16706 0.00431 2.0404 0.0619 2466 266 2571 65 2528 44 2528 44 102
10.1 281 298 1.06 0.000162 0.000083 0.26 0.31130 0.00779 0.0959 0.0030 0.10739 0.00289 3.0608 0.0461 1851 55 1822 24 1756 50 1756 50 104
11.1 112 121 1.08 0.000479 0.000139 0.76 0.30362 0.01396 0.0985 0.0065 0.11710 0.00469 2.8533 0.1168 1899 120 1937 69 1912 74 1912 74 101
12.1 371 178 0.48 0.000099 0.000119 -0.01 0.14129 0.00512 0.0600 0.0025 0.07833 0.00215 4.9172 0.0820 1179 48 1193 18 1155 56 1193 18 103
13.1 763 175 0.23 0.000043 0.000041 0.29 0.06501 0.00246 0.0554 0.0022 0.08014 0.00084 5.1235 0.0408 1090 42 1149 8 1201 21 1149 8 96
14.1 413 252 0.61 0.000120 0.000047 -0.36 0.19741 0.01036 0.0693 0.0039 0.07615 0.00359 4.6758 0.0802 1354 73 1249 20 1099 97 1243 19 113
15.1 73 72 0.98 0.000141 0.000121 0.23 0.30857 0.01751 0.0566 0.0039 0.09084 0.00318 5.5383 0.1902 1113 74 1070 34 1443 68 1443 68 74
16.1 48 42 0.88 0.000666 0.000301 1.19 0.28072 0.01349 0.0645 0.0039 0.07962 0.00611 4.9652 0.1608 1263 75 1183 35 1188 159 1183 35 100
17.1 26 53 2.05 0.000644 0.000418 1.70 0.61352 0.02924 0.0582 0.0039 0.08422 0.01009 5.1408 0.2122 1143 74 1146 43 1298 253 1146 43 89
18.1 223 92 0.41 0.000115 0.000086 0.32 0.12633 0.00567 0.0473 0.0027 0.07110 0.00181 6.4991 0.1888 933 52 923 25 960 53 923 25 96
19.1 132 67 0.51 0.000075 0.000032 0.12 0.14943 0.00810 0.0874 0.0052 0.10150 0.00298 3.3834 0.0707 1693 98 1669 31 1652 56 1652 56 101
20.1 114 93 0.81 0.000554 0.000275 0.77 0.23738 0.00661 0.0523 0.0028 0.07357 0.00457 5.6001 0.2156 1030 54 1059 38 1030 131 1059 38 103
21.1 98 69 0.71 0.000390 0.000127 0.39 0.22188 0.00932 0.0605 0.0036 0.07468 0.00353 5.1914 0.1816 1187 69 1136 37 1060 98 1136 37 107
22.1 160 144 0.90 0.000089 0.000168 0.43 0.25676 0.00761 0.0537 0.0024 0.07848 0.00326 5.3133 0.1512 1057 46 1112 29 1159 85 1112 29 96
23.1 227 94 0.41 0.000082 0.000069 0.13 0.11151 0.00377 0.0915 0.0038 0.11083 0.00166 2.9557 0.0610 1770 71 1879 34 1813 28 1813 28 104
24.1 72 46 0.64 0.000053 0.000025 0.09 0.23651 0.00951 0.0688 0.0038 0.09102 0.00288 5.4056 0.1815 1345 73 1094 34 1447 61 1447 61 76
25.1 36 40 1.12 0.000184 0.000112 0.30 0.38654 0.02044 0.1078 0.0077 0.13165 0.00639 3.1916 0.1336 2069 142 1757 65 2120 88 2120 88 83
26.1 49 63 1.28 0.000154 0.000144 0.25 0.42265 0.02190 0.0835 0.0059 0.10053 0.00318 3.9380 0.1663 1622 111 1459 55 1634 60 1634 60 89
27.1 183 171 0.94 0.000035 0.000058 0.43 0.28212 0.01060 0.0616 0.0028 0.08241 0.00291 4.8928 0.1177 1208 54 1199 26 1255 71 1199 26 96
28.1 108 123 1.14 0.000298 0.000245 1.78 0.33555 0.01408 0.0588 0.0037 0.08975 0.00482 5.0030 0.1965 1156 70 1175 42 1420 106 1175 42 84
29.1 148 196 1.32 0.000020 0.000020 0.04 0.38736 0.00559 0.0840 0.0025 0.10400 0.00134 3.4986 0.0775 1630 46 1621 32 1697 24 1697 24 96
30.1 132 131 1.00 0.000058 0.000020 0.09 0.29537 0.00792 0.1000 0.0046 0.11643 0.00251 2.9652 0.0941 1927 85 1873 52 1902 39 1902 39 99
31.1 21 58 2.77 0.003156 0.002444 7.12 0.82665 0.03740 0.0595 0.0067 0.09727 0.03920 5.0268 0.4483 1168 129 1170 96 1572 1040 1170 96 76
32.1 431 341 0.79 0.000020 0.000020 0.38 0.24203 0.00478 0.0735 0.0022 0.08956 0.00165 4.1653 0.0812 1434 42 1387 24 1416 36 1387 24 98
34.1 311 160 0.52 0.000183 0.000052 0.91 0.14666 0.00595 0.0477 0.0022 0.07814 0.00227 5.9616 0.1179 943 43 1000 18 1150 59 1150 59 87
35.1 109 60 0.55 0.000766 0.000345 1.36 0.17270 0.00927 0.0522 0.0034 0.07322 0.00611 6.0471 0.1711 1028 65 987 26 1020 179 987 26 97
36.1 364 179 0.49 0.000079 0.000034 0.13 0.13461 0.00350 0.1200 0.0046 0.16180 0.00124 2.2859 0.0525 2290 83 2339 45 2475 13 2475 13 95
37.1 326 217 0.67 0.000146 0.000138 0.44 0.20871 0.00398 0.0575 0.0022 0.07762 0.00234 5.4392 0.1568 1130 42 1088 29 1137 61 1088 29 96
38.1 201 132 0.66 0.000679 0.000146 0.99 0.20051 0.00872 0.0626 0.0033 0.07927 0.00338 4.8760 0.1267 1228 63 1203 29 1179 87 1203 29 102
39.1 243 83 0.34 0.000489 0.000215 0.70 0.10791 0.00682 0.0653 0.0046 0.07961 0.00395 4.8559 0.1242 1278 86 1207 28 1187 101 1207 28 102
40.1 236 165 0.70 0.000359 0.000086 0.86 0.21893 0.00534 0.0642 0.0020 0.08185 0.00171 4.8655 0.0766 1257 38 1205 17 1242 42 1205 17 97
41.1 109 83 0.76 0.000708 0.000176 0.68 0.25264 0.00840 0.0712 0.0030 0.07822 0.00324 4.6468 0.0945 1391 56 1256 23 1152 84 1256 23 109
42.1 88 74 0.85 0.002042 0.000520 2.38 0.24747 0.01440 0.0589 0.0041 0.07088 0.00849 4.9678 0.1678 1157 78 1182 37 954 266 1182 37 123
43.1 51 88 1.71 0.001645 0.000507 2.63 0.49961 0.01688 0.0963 0.0053 0.10936 0.00924 3.0379 0.1113 1858 97 1834 59 1789 162 1789 162 103
44.1 215 174 0.81 0.000438 0.000233 1.66 0.24920 0.01308 0.0597 0.0041 0.08670 0.00426 5.1612 0.1955 1172 78 1142 40 1354 98 1142 40 85
45.1 204 61 0.30 0.001010 0.000402 1.66 0.08776 0.00853 0.0665 0.0067 0.08555 0.00653 4.4076 0.0879 1301 126 1318 24 1328 155 1318 24 99
46.1 332 109 0.33 0.000344 0.000174 0.70 0.09972 0.00976 0.0639 0.0081 0.08272 0.00416 4.7526 0.3496 1253 155 1231 83 1263 102 1231 83 98
47.1 299 217 0.72 0.000420 0.000115 0.96 0.22145 0.00612 0.0542 0.0025 0.07704 0.00234 5.6473 0.1605 1066 47 1051 28 1122 62 1051 28 94
48.1 361 155 0.43 0.000325 0.000124 0.93 0.12930 0.00737 0.0592 0.0036 0.08228 0.00279 5.0776 0.0966 1163 69 1159 20 1252 68 1159 20 93
49.1 293 170 0.58 0.000755 0.000145 1.82 0.17039 0.00655 0.0562 0.0024 0.08312 0.00297 5.2173 0.0755 1105 46 1130 15 1272 71 1130 15 89
Table 3.5. U-Th-Pb isotopic analyses of zircon from the Arumbera Sandstone (IV), Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
50.1 510 473 0.93 0.000472 0.000090 0.76 0.26434 0.00821 0.0423 0.0015 0.08265 0.00166 6.7336 0.1066 838 30 893 13 1261 40 1261 40 71
51.1 111 171 1.54 0.001759 0.000466 3.20 0.44800 0.01662 0.0581 0.0029 0.08270 0.00872 5.0053 0.1503 1141 56 1174 32 1262 221 1174 32 93
52.1 238 231 0.97 0.000444 0.000107 0.71 0.28498 0.00738 0.0835 0.0028 0.09659 0.00226 3.5212 0.0618 1620 52 1611 25 1559 45 1559 45 103
53.1 91 92 1.00 0.001171 0.000665 3.51 0.30679 0.01411 0.0573 0.0031 0.09197 0.01058 5.3258 0.1164 1127 59 1109 22 1467 236 1109 22 77
54.1 115 109 0.95 0.002021 0.000840 2.76 0.27033 0.01410 0.0542 0.0032 0.07237 0.01336 5.2809 0.1252 1066 62 1118 24 996 429 1118 24 112
55.1 257 295 1.15 0.000512 0.000238 1.79 0.33914 0.00902 0.0555 0.0020 0.08570 0.00464 5.3111 0.1075 1092 38 1112 21 1331 108 1112 21 84
56.1 95 103 1.09 0.001788 0.000441 2.33 0.33869 0.01661 0.0612 0.0034 0.07330 0.00799 5.0934 0.1083 1200 64 1156 23 1022 238 1156 23 113
57.1 121 80 0.66 0.001144 0.000280 2.17 0.20876 0.01132 0.0599 0.0038 0.08014 0.00498 5.2796 0.1470 1176 73 1118 29 1200 128 1118 29 94
58.1 395 77 0.19 0.000608 0.000209 1.40 0.04718 0.00477 0.0405 0.0042 0.07615 0.00341 6.0178 0.1173 802 82 991 18 1099 92 991 18 91
59.1 194 146 0.75 0.000433 0.000221 0.49 0.23036 0.01209 0.0658 0.0040 0.08056 0.00401 4.6526 0.1285 1289 77 1255 32 1211 101 1255 32 104
60.1 104 49 0.48 0.001643 0.000905 2.25 0.14830 0.01000 0.0643 0.0049 0.07688 0.01446 4.8479 0.1510 1260 94 1209 34 1118 430 1209 34 108
61.1 46 66 1.43 0.003008 0.000958 4.81 0.51200 0.03976 0.0661 0.0070 0.12739 0.01667 5.4134 0.3252 1294 132 1093 61 2062 251 2062 251 53
62.1 148 132 0.89 -0.000086 0.000586 -0.14 0.26453 0.01022 0.0836 0.0040 0.11283 0.00934 3.5692 0.0863 1622 75 1592 34 1846 158 1846 158 86
63.1 77 61 0.79 0.002295 0.000469 2.33 0.21737 0.01199 0.0513 0.0044 0.06348 0.00794 5.3533 0.2994 1011 84 1104 57 724 290 1104 57 151
64.1 572 217 0.38 0.000254 0.000153 0.39 0.10981 0.00271 0.0581 0.0025 0.07913 0.00249 4.9779 0.1477 1141 48 1180 32 1175 64 1180 32 100
65.1 130 128 0.98 0.000984 0.000202 1.58 0.29423 0.01181 0.0782 0.0041 0.09317 0.00455 3.8372 0.1183 1521 78 1493 41 1491 95 1493 41 100
66.1 199 457 2.29 0.002055 0.000803 3.04 0.74478 0.03133 0.0342 0.0018 0.05879 0.01278 9.4919 0.2463 680 34 646 16 559 555 646 16 115
67.1 178 178 1.00 0.000759 0.000237 1.21 0.33722 0.00848 0.0652 0.0037 0.08501 0.00411 5.1769 0.2232 1277 70 1139 45 1316 97 1139 45 87
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 150 81 0.54 0.000088 0.000033 0.14 0.15126 0.00257 0.0841 0.0027 0.10384 0.00134 3.3483 0.0775 1631 51 1685 34 1694 24 1694 24 100
2.1 1654 506 0.31 0.000547 0.000049 0.90 0.05244 0.00232 0.0112 0.0005 0.08399 0.00092 15.2690 0.0756 225 10 409 2 1292 21 1292 21 32
3.1 535 143 0.27 0.000004 0.000001 0.01 0.06443 0.00114 0.0265 0.0006 0.06098 0.00085 9.0711 0.0892 529 12 674 6 639 30 673 6 105
4.1 217 60 0.28 0.000035 0.000011 0.06 0.08309 0.00168 0.0781 0.0020 0.09090 0.00134 3.8511 0.0526 1519 37 1488 18 1445 28 1445 28 103
5.1 130 122 0.93 0.000020 0.000020 0.03 0.28186 0.00370 0.0589 0.0011 0.07953 0.00101 5.1368 0.0579 1157 21 1147 12 1185 25 1147 12 97
6.1 628 194 0.31 0.000001 0.000000 0.00 0.09500 0.00171 0.0613 0.0012 0.07795 0.00077 5.0138 0.0331 1202 23 1172 7 1146 20 1171 7 102
7.1 257 86 0.33 0.000005 0.000002 0.01 0.09168 0.00255 0.1313 0.0041 0.15886 0.00367 2.0952 0.0274 2494 73 2515 27 2444 40 2444 40 103
8.1 270 223 0.82 0.000001 0.000001 0.00 0.24454 0.00330 0.0324 0.0007 0.06135 0.00083 9.1419 0.1292 645 14 669 9 652 29 669 9 103
9.1 173 27 0.15 0.000131 0.000032 0.22 0.04335 0.00165 0.0595 0.0025 0.08129 0.00096 4.7082 0.0639 1168 47 1242 15 1228 23 1242 15 101
10.1 550 80 0.15 0.000065 0.000027 0.11 0.04059 0.00145 0.0656 0.0025 0.09173 0.00062 4.2571 0.0442 1285 48 1360 13 1462 13 1462 13 93
11.1 262 95 0.36 0.000103 0.000027 0.17 0.07419 0.00204 0.0486 0.0016 0.08658 0.00077 4.2284 0.0577 959 31 1369 17 1351 17 1351 17 101
12.1 168 396 2.36 0.000155 0.000096 0.24 0.68853 0.00616 0.0888 0.0019 0.10364 0.00250 3.2801 0.0541 1720 35 1715 25 1690 45 1690 45 102
13.1 213 326 1.53 0.000048 0.000018 0.08 0.40826 0.00353 0.0474 0.0007 0.07643 0.00079 5.6299 0.0494 937 13 1054 9 1106 21 1054 9 96
14.1 205 275 1.34 0.000196 0.000062 0.33 0.40299 0.00579 0.0499 0.0009 0.06860 0.00149 6.0039 0.0574 984 18 993 9 887 46 989 9 112
15.1 1674 1005 0.60 0.001132 0.000056 1.90 0.08592 0.00232 0.0120 0.0003 0.07805 0.00106 11.9720 0.0477 240 7 517 2 1148 27 1148 27 45
16.1 75 140 1.86 0.000055 0.000018 0.09 0.56604 0.01045 0.0568 0.0015 0.06998 0.00274 5.3250 0.0883 1117 29 1109 17 928 83 1109 17 119
17.1 649 97 0.15 0.000030 0.000008 0.05 0.03472 0.00071 0.0431 0.0010 0.07682 0.00078 5.3799 0.0357 852 19 1099 7 1117 20 1099 7 99
18.1 284 103 0.36 0.000026 0.000011 0.04 0.09861 0.00125 0.0934 0.0020 0.11477 0.00086 2.9085 0.0434 1804 37 1905 25 1876 14 1876 14 102
19.1 279 192 0.69 0.000114 0.000032 0.19 0.20049 0.00340 0.0512 0.0010 0.07149 0.00089 5.6845 0.0521 1010 20 1045 9 972 26 1042 9 107
20.1 380 324 0.85 0.000002 0.000001 0.00 0.25707 0.00250 0.0505 0.0009 0.07079 0.00077 5.9691 0.0762 996 17 998 12 951 22 997 12 105
22.1 76 94 1.23 0.000055 0.000049 0.08 0.34077 0.00601 0.1369 0.0037 0.16668 0.00183 2.0170 0.0346 2594 65 2596 37 2525 19 2525 19 103
24.1 253 209 0.83 0.000010 0.000005 0.02 0.24442 0.00654 0.0587 0.0020 0.07880 0.00158 5.0430 0.0959 1152 39 1166 20 1167 40 1166 20 100
25.1 85 133 1.57 0.000073 0.000044 0.10 0.42180 0.00522 0.1287 0.0043 0.16484 0.00252 2.0862 0.0556 2446 77 2524 56 2506 26 2506 26 101
26.1 214 197 0.92 0.000020 0.000020 0.03 0.26787 0.00788 0.0533 0.0019 0.07641 0.00153 5.4662 0.0894 1050 36 1083 16 1106 40 1083 16 98
27.1 91 61 0.67 0.000020 0.000020 0.03 0.19433 0.00307 0.0947 0.0027 0.11166 0.00125 3.0567 0.0598 1829 49 1825 31 1827 20 1827 20 100
28.1 213 97 0.45 0.000023 0.000010 0.04 0.12948 0.00191 0.0566 0.0011 0.07796 0.00123 5.0379 0.0483 1113 20 1167 10 1146 32 1166 10 102
29.1 232 330 1.42 0.000153 0.000051 0.26 0.41297 0.00460 0.0474 0.0009 0.06981 0.00114 6.1055 0.0801 936 17 978 12 923 34 978 12 106
30.1 413 328 0.79 0.000028 0.000012 0.03 0.20747 0.00157 0.1811 0.0032 0.26529 0.00123 1.4432 0.0193 3364 55 3394 35 3278 7 3278 7 104
31.1 418 262 0.63 0.000017 0.000007 0.03 0.13669 0.00167 0.0415 0.0007 0.07925 0.00093 5.2692 0.0520 823 13 1120 10 1178 23 1120 10 95
32.1 201 85 0.42 0.000060 0.000020 0.09 0.12053 0.00160 0.0929 0.0028 0.10829 0.00158 3.0629 0.0673 1795 51 1821 35 1771 27 1771 27 103
33.1 499 423 0.85 0.000022 0.000006 0.04 0.11429 0.00304 0.0199 0.0006 0.07275 0.00095 6.7519 0.0589 399 11 890 7 1007 27 1007 27 88
34.1 258 271 1.05 0.000167 0.000049 0.29 0.20347 0.00292 0.0331 0.0006 0.07446 0.00105 5.8671 0.0652 658 13 1015 10 1054 29 1015 10 96
35.1 49 32 0.64 0.000232 0.000102 0.39 0.12144 0.00619 0.0322 0.0020 0.07013 0.00288 5.8337 0.1786 641 39 1020 29 932 87 1020 29 109
36.1 67 68 1.01 0.000020 0.000020 0.03 0.30877 0.00493 0.0690 0.0021 0.08284 0.00139 4.4125 0.0880 1349 39 1317 24 1265 33 1314 24 104
37.1 270 37 0.14 0.000062 0.000031 0.10 0.03707 0.00129 0.0905 0.0035 0.10904 0.00127 2.9940 0.0425 1751 65 1858 23 1784 21 1784 21 104
38.1 231 155 0.67 0.000141 0.000053 0.23 0.19081 0.00292 0.0656 0.0013 0.08422 0.00113 4.3241 0.0448 1284 24 1341 13 1298 26 1341 13 103
39.1 140 92 0.66 0.000020 0.000020 0.03 0.16411 0.00224 0.1186 0.0027 0.16183 0.00122 2.1102 0.0307 2265 48 2501 30 2475 13 2475 13 101
40.1 243 447 1.84 0.000014 0.000009 0.03 0.56137 0.00641 0.0335 0.0005 0.06025 0.00116 9.1124 0.0844 665 10 671 6 613 42 670 6 109
41.1 66 76 1.15 0.000020 0.000020 0.04 0.34312 0.00739 0.0403 0.0014 0.06453 0.00187 7.3611 0.1593 799 26 821 17 759 62 819 17 108
42.1 306 75 0.24 0.000081 0.000020 0.13 0.07333 0.00216 0.0787 0.0025 0.11351 0.00121 3.8098 0.0366 1531 47 1503 13 1856 19 1856 19 81
43.1 322 228 0.71 0.000188 0.000056 0.32 0.20762 0.00291 0.0490 0.0010 0.06924 0.00106 5.9493 0.0783 966 20 1002 12 906 32 998 12 110
44.1 1339 159 0.12 0.000301 0.000037 0.49 0.04234 0.00140 0.0535 0.0019 0.09440 0.00067 6.6756 0.0496 1053 36 900 6 1516 14 1516 14 59
45.1 61 144 2.34 0.000020 0.000020 0.03 0.70903 0.01567 0.0607 0.0022 0.08220 0.00172 5.0008 0.1241 1191 42 1175 27 1250 42 1175 27 94
46.1 433 293 0.68 0.000019 0.000010 0.03 0.20901 0.00413 0.0346 0.0009 0.06210 0.00076 8.9267 0.1132 687 17 684 8 677 26 684 8 101
47.1 126 135 1.08 0.000079 0.000062 0.11 0.28366 0.00360 0.1243 0.0026 0.16202 0.00218 2.1211 0.0257 2368 46 2490 25 2477 23 2477 23 101
48.1 85 45 0.53 0.000145 0.000086 0.21 0.11505 0.00394 0.0750 0.0034 0.14885 0.00185 2.9147 0.0705 1462 64 1902 40 2333 21 2333 21 82
49.1 183 150 0.82 0.000020 0.000020 0.03 0.22740 0.00354 0.0820 0.0019 0.10434 0.00102 3.3735 0.0498 1593 36 1674 22 1703 18 1703 18 98
50.1 405 73 0.18 0.000039 0.000014 0.07 0.05207 0.00105 0.0554 0.0015 0.07616 0.00063 5.1937 0.0621 1089 28 1135 12 1099 17 1134 12 103
51.1 102 45 0.44 0.000121 0.000060 0.17 0.11439 0.00451 0.1267 0.0058 0.18263 0.00165 2.0415 0.0394 2412 105 2570 41 2677 15 2677 15 96
Table 3.6. U-Th-Pb isotopic analyses of zircon from the Mount Baldwin Formation, Georgina Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
52.1 222 157 0.71 0.000088 0.000054 0.15 0.22006 0.00738 0.0508 0.0026 0.07236 0.00190 6.1362 0.1955 1002 50 973 29 996 54 973 29 98
53.1 263 72 0.28 0.000096 0.000025 0.15 0.07277 0.00220 0.0823 0.0053 0.10486 0.00188 3.2092 0.1573 1598 98 1749 76 1712 33 1712 33 102
54.1 75 41 0.55 0.000423 0.000161 0.74 0.15110 0.00767 0.0369 0.0023 0.06482 0.00300 7.4167 0.2163 732 44 815 22 768 101 815 22 106
55.1 300 160 0.53 0.000020 0.000020 0.03 0.15959 0.00354 0.0714 0.0018 0.09165 0.00181 4.2151 0.0444 1394 34 1372 13 1460 38 1460 38 94
56.1 202 130 0.64 0.000095 0.000047 0.16 0.19201 0.00344 0.0616 0.0017 0.08634 0.00214 4.8575 0.0865 1207 33 1207 20 1346 49 1346 49 90
57.1 289 323 1.12 0.000090 0.000033 0.15 0.30990 0.00490 0.0794 0.0016 0.09250 0.00095 3.4974 0.0394 1543 31 1621 16 1478 20 1478 20 110
58.1 339 79 0.23 0.000011 0.000010 0.02 0.06934 0.00218 0.0595 0.0020 0.07681 0.00080 4.9933 0.0540 1168 39 1177 12 1116 21 1174 12 105
59.1 181 90 0.50 0.000093 0.000091 0.15 0.14255 0.00405 0.0701 0.0026 0.08782 0.00172 4.0871 0.0787 1369 49 1411 24 1379 38 1411 24 102
60.1 576 203 0.35 0.000021 0.000018 0.03 0.08573 0.00190 0.0585 0.0014 0.09187 0.00127 4.1573 0.0280 1150 26 1390 8 1465 27 1390 8 95
61.1 531 544 1.02 0.000037 0.000014 0.06 0.28851 0.00210 0.0802 0.0010 0.10028 0.00113 3.5143 0.0301 1560 19 1614 12 1629 21 1629 21 99
62.1 551 53 0.10 0.000093 0.000026 0.16 0.02705 0.00120 0.0568 0.0029 0.07860 0.00115 4.9237 0.0911 1117 55 1192 20 1162 29 1192 20 102
63.1 293 150 0.51 0.000108 0.000054 0.17 0.07716 0.00236 0.0464 0.0016 0.10867 0.00190 3.2534 0.0375 917 31 1728 17 1777 32 1777 32 97
64.1 192 137 0.71 0.000045 0.000039 0.08 0.21182 0.00423 0.0599 0.0016 0.08068 0.00134 4.9644 0.0699 1175 30 1183 15 1214 33 1183 15 98
65.1 222 120 0.54 0.000020 0.000020 0.03 0.16477 0.00442 0.0477 0.0019 0.06988 0.00110 6.4030 0.1508 941 36 935 21 925 33 935 21 101
66.1 97 61 0.63 0.000310 0.000177 0.51 0.18019 0.00932 0.0679 0.0041 0.08935 0.00342 4.2204 0.1173 1328 78 1371 34 1412 75 1371 34 97
67.1 69 163 2.36 0.000020 0.000020 0.03 0.67064 0.01335 0.0846 0.0028 0.09891 0.00146 3.3660 0.0776 1641 53 1677 34 1604 28 1604 28 105
68.1 1072 865 0.81 0.001295 0.000135 2.19 0.09807 0.00625 0.0101 0.0007 0.07620 0.00307 12.0760 0.2608 202 14 513 11 1100 83 1100 83 47
69.1 393 225 0.57 0.000074 0.000040 0.12 0.16486 0.00232 0.0553 0.0011 0.07507 0.00088 5.1915 0.0672 1088 22 1136 13 1070 24 1133 13 106
70.1 756 210 0.28 0.000015 0.000010 0.03 0.08577 0.00204 0.0497 0.0013 0.07253 0.00057 6.2299 0.0504 980 25 960 7 1001 16 960 7 96
71.1 892 409 0.46 0.000193 0.000030 0.32 0.10197 0.00152 0.0341 0.0006 0.08654 0.00073 6.5365 0.0355 677 11 918 5 1350 16 1350 16 68
72.1 100 35 0.35 0.000717 0.000170 1.22 0.08616 0.00771 0.0415 0.0039 0.06380 0.00298 5.8377 0.1287 822 75 1019 21 735 102 1019 21 137
73.1 502 353 0.70 0.000087 0.000027 0.15 0.20869 0.00253 0.0495 0.0008 0.07143 0.00085 5.9991 0.0559 976 15 994 9 970 25 994 9 102
74.1 259 192 0.74 0.000092 0.000037 0.13 0.19658 0.00204 0.1326 0.0025 0.16837 0.00105 2.0066 0.0268 2517 44 2607 29 2542 11 2542 11 103
75.1 315 225 0.71 0.000017 0.000009 0.03 0.20414 0.00207 0.0939 0.0019 0.11421 0.00084 3.0408 0.0438 1815 35 1833 23 1867 13 1867 13 98
76.1 95 106 1.12 0.000601 0.000246 1.05 0.23676 0.01292 0.0281 0.0018 0.06237 0.00419 7.5003 0.1674 559 35 807 17 687 150 807 17 117
77.1 144 117 0.81 0.000033 0.000011 0.04 0.21857 0.00524 0.1527 0.0045 0.19996 0.00108 1.7593 0.0253 2873 79 2901 34 2826 9 2826 9 103
78.1 119 103 0.86 0.000244 0.000125 0.40 0.23052 0.00648 0.0696 0.0031 0.08740 0.00252 3.8324 0.1135 1360 58 1495 40 1369 56 1369 56 109
79.1 376 290 0.77 0.000103 0.000037 0.18 0.22919 0.00546 0.0308 0.0010 0.06138 0.00109 9.6508 0.1720 613 19 636 11 653 39 636 11 97
80.1 298 220 0.74 0.000020 0.000020 0.03 0.21519 0.00471 0.0871 0.0062 0.10541 0.00100 3.3466 0.1927 1688 115 1685 86 1721 18 1721 18 98
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 463 321 0.69 0.000258 0.000114 0.42 0.19525 0.00660 0.0813 0.0034 0.11943 0.00288 3.4635 0.0761 1579 64 1635 32 1948 44 1948 44 84
2.1 176 238 1.35 0.001547 0.000541 2.07 0.38518 0.01262 0.0501 0.0019 0.07024 0.00883 5.6965 0.0953 988 36 1043 16 935 282 1043 16 111
3.1 501 181 0.36 0.000656 0.000131 1.33 0.09840 0.00640 0.0433 0.0029 0.07340 0.00290 6.2856 0.0726 856 56 952 10 1025 82 952 10 93
4.1 199 74 0.37 0.001375 0.000606 1.99 0.11341 0.00765 0.0506 0.0036 0.06993 0.00962 6.0617 0.0990 998 68 984 15 926 311 984 15 106
5.1 227 159 0.70 0.000808 0.000220 1.29 0.19919 0.00749 0.0794 0.0037 0.09730 0.00390 3.5872 0.0832 1543 68 1585 33 1573 77 1573 77 101
6.1 218 190 0.87 0.000792 0.000122 1.21 0.25235 0.00982 0.0566 0.0026 0.07759 0.00306 5.1164 0.1129 1113 50 1151 23 1136 81 1151 23 101
7.1 193 127 0.66 0.001364 0.000413 2.84 0.20878 0.01412 0.0379 0.0030 0.06984 0.00679 8.3344 0.2834 751 58 730 24 924 214 730 24 80
8.1 419 175 0.42 0.000305 0.000133 0.49 0.13615 0.00576 0.0485 0.0023 0.07487 0.00246 6.7236 0.1223 958 45 894 15 1065 68 1065 68 84
9.1 56 61 1.10 0.002013 0.000400 4.59 0.30507 0.01746 0.0519 0.0037 0.08957 0.00677 5.3344 0.1908 1023 71 1108 37 1416 152 1108 37 79
10.1 126 107 0.85 0.001849 0.000352 3.89 0.21930 0.01568 0.0447 0.0052 0.08252 0.00746 5.7619 0.4578 884 100 1032 76 1258 188 1032 76 83
11.1 79 99 1.26 0.002263 0.000907 3.33 0.39223 0.02336 0.0563 0.0041 0.07231 0.01449 5.5395 0.2005 1108 78 1070 36 995 472 1070 36 107
12.1 192 142 0.74 0.001461 0.000240 1.89 0.19809 0.01002 0.0443 0.0024 0.06786 0.00411 6.0322 0.0950 876 46 989 14 864 131 989 14 114
13.1 93 75 0.80 0.001507 0.000807 2.71 0.24094 0.01048 0.0521 0.0034 0.07647 0.01279 5.7540 0.2323 1026 64 1033 39 1107 376 1033 39 94
14.1 91 102 1.12 0.001527 0.000408 2.33 0.30955 0.01238 0.0552 0.0031 0.07784 0.00723 5.0277 0.1744 1086 59 1169 37 1143 197 1169 37 102
15.1 116 122 1.06 0.001915 0.000535 2.55 0.31232 0.01121 0.0518 0.0023 0.06903 0.00903 5.7131 0.1389 1021 45 1040 23 900 296 1040 23 115
16.1 220 176 0.80 0.000576 0.000112 0.92 0.21722 0.00441 0.0876 0.0077 0.11658 0.00211 3.0991 0.2237 1696 143 1803 115 1905 33 1905 33 95
17.1 92 61 0.67 0.002250 0.001113 4.25 0.17975 0.01747 0.0359 0.0037 0.07226 0.01787 7.4787 0.2043 714 72 809 21 993 606 809 21 82
18.1 235 286 1.22 0.000726 0.000111 1.16 0.34693 0.00824 0.0757 0.0026 0.09521 0.00224 3.7670 0.0771 1475 48 1518 28 1532 45 1532 45 99
19.1 231 228 0.99 0.000670 0.000143 1.16 0.29041 0.00699 0.0574 0.0019 0.07895 0.00261 5.1274 0.1008 1128 36 1149 21 1171 67 1149 21 98
20.1 373 211 0.57 0.000386 0.000058 0.62 0.16233 0.00421 0.0804 0.0028 0.09918 0.00156 3.5597 0.0713 1562 52 1596 28 1609 30 1609 30 99
21.1 72 20 0.28 0.002714 0.000820 4.71 0.06401 0.01275 0.0370 0.0076 0.07481 0.01365 6.1991 0.2484 735 148 964 36 1064 418 964 36 91
22.1 185 89 0.48 0.001013 0.000159 1.34 0.13714 0.00971 0.0596 0.0044 0.07760 0.00384 4.8006 0.0749 1170 83 1220 17 1137 102 1220 17 107
23.1 907 92 0.10 0.001127 0.000118 1.80 0.03180 0.00447 0.0276 0.0039 0.06245 0.00218 11.3728 0.1686 551 77 543 8 690 76 543 8 79
24.1 865 455 0.53 0.001658 0.000275 2.65 0.14961 0.00670 0.0278 0.0013 0.07358 0.00485 10.2255 0.1424 554 26 601 8 1030 139 1030 139 58
25.1 39 25 0.65 0.002152 0.000421 3.45 0.08134 0.02076 0.0505 0.0133 0.25022 0.00906 2.4937 0.1402 995 258 2174 105 3186 59 3186 59 68
26.1 287 79 0.28 0.000496 0.000110 0.55 0.08031 0.00642 0.0570 0.0047 0.07593 0.00258 5.1074 0.0850 1120 90 1153 18 1093 70 1153 18 105
27.1 286 139 0.48 0.000828 0.000115 0.63 0.14167 0.00552 0.0585 0.0027 0.07266 0.00198 4.9960 0.1028 1149 52 1176 22 1004 56 1176 22 116
28.1 277 258 0.93 0.000179 0.000043 0.29 0.25536 0.00632 0.1153 0.0046 0.14429 0.00216 2.3775 0.0630 2205 83 2263 51 2279 26 2279 26 99
29.1 242 271 1.12 0.000687 0.000145 1.42 0.29453 0.00680 0.0491 0.0019 0.07915 0.00300 5.3720 0.1429 968 37 1101 27 1176 77 1101 27 94
30.1 258 126 0.49 0.000480 0.000095 1.03 0.12393 0.00560 0.0444 0.0024 0.07640 0.00194 5.7049 0.1438 877 46 1041 24 1106 52 1041 24 94
31.1 422 463 1.10 0.001038 0.000117 1.66 0.23198 0.00351 0.0319 0.0008 0.07920 0.00200 6.6321 0.1011 635 15 905 13 1177 51 1177 51 77
32.1 120 58 0.49 0.000157 0.000049 0.25 0.13922 0.00681 0.1538 0.0086 0.20496 0.00218 1.8612 0.0418 2892 151 2772 51 2866 17 2866 17 97
33.1 137 86 0.63 0.000762 0.000162 1.25 0.17440 0.00608 0.0496 0.0024 0.07498 0.00300 5.5966 0.1598 979 47 1060 28 1068 83 1060 28 99
34.1 59 35 0.59 0.004768 0.001870 5.94 0.20038 0.01893 0.0336 0.0035 0.04339 0.03049 10.1118 0.3829 669 68 608 22 0 0 608 22 0
35.1 653 505 0.77 0.000221 0.000127 0.30 0.22883 0.00361 0.0417 0.0010 0.06690 0.00210 7.0942 0.1054 825 19 850 12 835 67 850 12 102
36.1 257 163 0.63 0.000883 0.000229 1.75 0.17372 0.00706 0.0238 0.0010 0.06121 0.00392 11.5646 0.1450 474 20 535 6 647 144 535 6 83
37.1 320 205 0.64 0.000559 0.000113 0.89 0.20934 0.00825 0.0345 0.0015 0.06810 0.00330 9.4766 0.1529 686 29 647 10 872 104 872 104 74
38.1 294 72 0.25 0.000324 0.000106 0.52 0.06694 0.00239 0.0872 0.0036 0.11053 0.00183 3.1239 0.0525 1689 67 1790 26 1808 30 1808 30 99
39.1 73 21 0.29 0.005120 0.001161 7.19 0.08333 0.02256 0.0252 0.0069 0.04856 0.01907 11.2355 0.3277 503 136 550 15 127 1338 550 15 429
40.1 120 85 0.71 0.001012 0.000191 1.91 0.19600 0.00665 0.0535 0.0022 0.08022 0.00331 5.1960 0.0926 1053 42 1135 19 1202 84 1135 19 95
41.1 139 89 0.64 0.001104 0.000224 1.76 0.17932 0.00810 0.0688 0.0041 0.09264 0.00443 4.0551 0.1343 1346 78 1421 42 1481 94 1421 42 96
42.1 388 217 0.56 0.000724 0.000106 1.35 0.14073 0.00328 0.0409 0.0012 0.07320 0.00188 6.1607 0.0820 810 23 970 12 1019 53 970 12 95
43.1 61 76 1.24 0.002237 0.000758 4.02 0.33514 0.02183 0.0483 0.0036 0.07885 0.01292 5.6107 0.1696 954 69 1057 30 1168 364 1057 30 91
44.1 229 188 0.82 0.000794 0.000228 0.91 0.23883 0.00455 0.0666 0.0018 0.08108 0.00369 4.3655 0.0721 1303 34 1330 20 1223 92 1330 20 108
45.1 164 250 1.52 0.000587 0.000307 1.01 0.44241 0.00721 0.0601 0.0020 0.08132 0.00494 4.8345 0.1201 1179 38 1212 28 1229 124 1212 28 99
46.1 395 44 0.11 0.000323 0.000112 0.76 0.02314 0.00276 0.0375 0.0045 0.07707 0.00201 5.5709 0.0740 743 88 1064 13 1123 53 1064 13 95
47.1 531 266 0.50 0.000599 0.000099 0.96 0.09321 0.00221 0.0412 0.0012 0.09781 0.00169 4.5282 0.0709 816 24 1286 18 1583 33 1583 33 81
Table 3.7. U-Th-Pb isotopic analyses of zircon from the Goyder Formation, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 113 153 1.35 0.001022 0.000409 2.41 0.40095 0.01166 0.0360 0.0015 0.07110 0.00660 8.2362 0.2174 715 29 739 18 960 202 739 18 78
49.1 281 166 0.59 0.001276 0.000330 1.81 0.18386 0.00837 0.0274 0.0014 0.05616 0.00560 11.3647 0.1822 546 27 544 8 459 238 544 8 118
50.1 238 233 0.98 0.000789 0.000439 2.67 0.18091 0.00677 0.0365 0.0016 0.09033 0.00722 5.0666 0.1039 724 32 1161 22 1433 161 1161 22 82
51.1 998 29 0.03 0.000307 0.000099 0.84 0.00295 0.00308 0.0094 0.0098 0.06225 0.00192 10.8425 0.1474 189 196 569 7 683 67 569 7 84
52.1 1119 36 0.03 0.000582 0.000046 0.94 0.00561 0.00622 0.0412 0.0456 0.18614 0.00226 4.2463 0.0664 815 867 1363 19 2708 20 2708 20 50
53.1 414 289 0.70 0.000664 0.000260 0.70 0.21188 0.01474 0.0516 0.0050 0.06922 0.00537 5.8732 0.3600 1017 97 1014 58 905 168 1014 58 112
54.1 138 72 0.52 0.001946 0.000491 3.15 0.13988 0.00977 0.0515 0.0038 0.07752 0.00796 5.2359 0.1161 1014 74 1127 23 1135 219 1127 23 99
55.1 273 223 0.82 0.000480 0.000206 1.44 0.23952 0.00824 0.0521 0.0027 0.08071 0.00344 5.6296 0.1884 1026 52 1054 33 1215 86 1054 33 87
56.1 283 257 0.91 0.000534 0.000270 1.45 0.27666 0.00734 0.0518 0.0018 0.07837 0.00464 5.8932 0.1126 1022 34 1010 18 1156 122 1010 18 88
57.1 63 30 0.49 0.002023 0.000338 3.24 0.10662 0.01720 0.1134 0.0188 0.19154 0.00746 1.9381 0.0608 2171 344 2682 69 2755 65 2755 65 97
58.1 261 69 0.26 0.001047 0.000394 2.47 0.07070 0.01325 0.0436 0.0083 0.07895 0.00727 6.1428 0.1228 862 161 972 18 1171 194 972 18 84
59.1 215 114 0.53 0.002066 0.000879 4.41 0.15069 0.01679 0.0280 0.0032 0.07054 0.01431 10.1349 0.2437 558 63 607 14 944 483 607 14 65
60.1 280 103 0.37 0.000612 0.000158 0.98 0.10440 0.00532 0.0813 0.0045 0.10300 0.00282 3.4837 0.0572 1580 84 1627 24 1679 51 1679 51 97
61.1 791 320 0.40 0.000894 0.000167 1.11 0.12251 0.00392 0.0277 0.0011 0.05598 0.00287 10.9234 0.2081 553 21 565 10 451 118 565 10 125
62.1 252 292 1.16 0.000965 0.000332 1.62 0.31921 0.00741 0.0534 0.0017 0.07847 0.00544 5.1629 0.0983 1051 32 1141 20 1159 144 1141 20 99
63.1 96 80 0.83 0.002135 0.000343 3.00 0.22233 0.01485 0.0542 0.0047 0.07576 0.00635 4.9328 0.2304 1066 90 1190 51 1089 178 1190 51 109
64.1 48 87 1.81 0.003905 0.001416 6.97 0.50609 0.02414 0.0490 0.0032 0.08118 0.02345 5.6884 0.2267 967 62 1044 39 1226 706 1044 39 86
65.1 179 29 0.16 0.001718 0.000772 2.15 0.05647 0.00990 0.0378 0.0069 0.05615 0.01255 9.1827 0.3641 749 134 666 25 458 458 666 25 145
66.1 523 611 1.17 0.002452 0.000477 3.87 0.29903 0.00853 0.0210 0.0009 0.05692 0.00785 12.1909 0.3281 420 18 508 13 488 337 508 13 104
67.1 436 286 0.66 0.000749 0.000300 1.02 0.19892 0.00832 0.0371 0.0017 0.06249 0.00479 8.1654 0.1384 736 33 745 12 691 173 745 12 108
68.1 129 82 0.63 0.002208 0.000290 2.96 0.18316 0.01137 0.0694 0.0049 0.08254 0.00485 4.1772 0.1116 1355 92 1384 33 1258 119 1384 33 109
69.1 181 151 0.84 0.001412 0.000368 2.26 0.26200 0.01721 0.0296 0.0023 0.08138 0.00660 10.6111 0.3859 589 45 581 20 1231 168 1231 168 47
70.1 330 128 0.39 0.001378 0.000433 1.65 0.11129 0.00665 0.0266 0.0017 0.05397 0.00697 10.7541 0.2346 531 34 573 12 370 321 573 12 154
71.1 188 86 0.46 0.001877 0.000745 2.74 0.11742 0.01089 0.0454 0.0044 0.07181 0.01215 5.6530 0.1474 898 86 1050 25 980 389 1050 25 107
72.1 118 68 0.57 0.002106 0.000464 3.50 0.17256 0.01386 0.0421 0.0037 0.06853 0.00849 7.1255 0.2282 834 72 847 25 885 280 847 25 96
73.1 274 187 0.68 0.001435 0.000391 2.88 0.16371 0.01342 0.0229 0.0020 0.06502 0.00715 10.4774 0.1969 458 38 588 11 775 250 588 11 76
74.1 152 91 0.60 0.002191 0.000294 2.89 0.15996 0.00851 0.0520 0.0033 0.07191 0.00542 5.1595 0.1392 1024 63 1142 28 983 162 1142 28 116
75.1 366 177 0.48 0.000936 0.000150 1.71 0.13865 0.00915 0.0439 0.0031 0.07174 0.00320 6.5198 0.1338 868 60 920 18 979 94 920 18 94
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 118 71 0.60 0.000043 0.000038 0.07 0.18594 0.00870 0.0473 0.0025 0.07168 0.00202 6.5602 0.1535 934 49 915 20 977 59 915 20 94
2.1 451 269 0.60 0.000127 0.000125 0.20 0.14067 0.00569 0.0708 0.0030 0.11051 0.00209 3.3331 0.0325 1382 57 1691 15 1808 35 1808 35 94
3.1 335 165 0.49 0.000092 0.000044 0.16 0.14707 0.00434 0.0406 0.0014 0.06996 0.00175 7.3937 0.1019 804 27 818 11 927 52 818 11 89
4.1 278 265 0.95 0.000203 0.000107 0.31 0.16798 0.00447 0.0548 0.0018 0.11201 0.00196 3.2099 0.0507 1079 34 1748 24 1832 32 1832 32 95
5.1 386 578 1.50 0.000165 0.000092 0.20 0.29173 0.00488 0.0922 0.0030 0.26361 0.00487 2.1114 0.0523 1782 56 2499 52 3268 29 3268 29 77
6.1 539 259 0.48 0.000096 0.000026 0.15 0.04513 0.00127 0.0298 0.0009 0.11538 0.00091 3.1463 0.0289 594 18 1779 14 1886 14 1886 14 94
7.1 144 87 0.60 0.000020 0.000020 0.03 0.16622 0.00362 0.0938 0.0040 0.11274 0.00181 2.9532 0.0907 1811 73 1880 50 1844 29 1844 29 102
8.1 218 114 0.52 0.000020 0.000020 0.03 0.15218 0.00536 0.0983 0.0039 0.11622 0.00152 2.9614 0.0407 1895 71 1876 22 1899 24 1899 24 99
9.1 129 52 0.41 0.000010 0.000019 0.01 0.11306 0.00343 0.1371 0.0067 0.16785 0.00156 2.0346 0.0673 2597 120 2577 71 2536 16 2536 16 102
10.1 97 49 0.50 0.000020 0.000020 0.03 0.13549 0.00526 0.0636 0.0039 0.08581 0.00322 4.2591 0.1615 1246 74 1360 47 1334 74 1358 46 102
11.1 464 345 0.74 0.000507 0.000074 0.79 0.12079 0.00393 0.0441 0.0016 0.11059 0.00233 3.6825 0.0442 872 31 1549 17 1809 39 1809 39 86
12.1 210 106 0.50 0.000020 0.000020 0.03 0.14093 0.00269 0.0940 0.0026 0.11342 0.00143 2.9704 0.0448 1815 47 1871 25 1855 23 1855 23 101
13.1 88 87 0.99 0.000098 0.000100 0.16 0.28585 0.01583 0.0715 0.0052 0.08990 0.00275 4.0431 0.1578 1396 98 1425 50 1423 60 1423 60 100
14.1 370 354 0.96 0.001305 0.000142 2.03 0.22481 0.00701 0.0484 0.0017 0.10871 0.00281 4.8576 0.0645 955 32 1207 15 1778 48 1778 48 68
15.1 444 51 0.11 0.000046 0.000017 0.07 0.02661 0.00140 0.0782 0.0043 0.11295 0.00102 2.9638 0.0404 1522 81 1874 22 1847 16 1847 16 102
16.1 545 212 0.39 0.000020 0.000020 0.04 0.11389 0.00243 0.0403 0.0010 0.06761 0.00111 7.2534 0.0822 799 20 833 9 857 35 833 9 97
17.1 189 160 0.84 0.000327 0.000154 0.57 0.24334 0.01115 0.0402 0.0020 0.06469 0.00284 7.1595 0.1368 797 40 843 15 764 95 843 15 110
18.1 472 174 0.37 0.000004 0.000004 0.01 0.10935 0.00503 0.0399 0.0020 0.06604 0.00147 7.4357 0.1064 791 38 813 11 808 47 813 11 101
19.1 147 104 0.71 0.000020 0.000020 0.03 0.20898 0.00465 0.0869 0.0028 0.10731 0.00226 3.4041 0.0718 1684 52 1660 31 1754 39 1754 39 95
20.1 86 74 0.86 0.000643 0.000468 1.11 0.24739 0.02084 0.0407 0.0039 0.06123 0.00775 6.9848 0.2708 807 76 863 31 647 298 863 31 132
21.1 180 150 0.83 0.000010 0.000020 0.01 0.22081 0.00447 0.1298 0.0042 0.16922 0.00279 2.0511 0.0426 2466 76 2560 44 2550 28 2550 28 100
22.1 161 89 0.56 0.000044 0.000046 0.07 0.15164 0.00336 0.0868 0.0027 0.11306 0.00153 3.1414 0.0602 1683 51 1782 30 1849 25 1849 25 96
23.1 155 108 0.70 0.000119 0.000050 0.18 0.18461 0.00370 0.1004 0.0029 0.13666 0.00380 2.6395 0.0464 1934 53 2071 31 2185 49 2185 49 95
24.1 223 172 0.77 0.000218 0.000092 0.38 0.22232 0.00591 0.0387 0.0016 0.06577 0.00196 7.4256 0.2047 768 32 814 21 799 64 814 21 102
25.1 185 51 0.28 0.000010 0.000020 0.02 0.07559 0.00433 0.0470 0.0029 0.07327 0.00175 5.8045 0.1183 929 57 1025 19 1022 49 1025 19 100
26.1 372 237 0.64 0.000066 0.000056 0.10 0.17485 0.00324 0.0906 0.0021 0.10862 0.00139 3.0278 0.0358 1753 39 1840 19 1776 24 1776 24 104
27.1 277 175 0.63 0.000110 0.000094 0.18 0.17496 0.00599 0.0549 0.0025 0.07705 0.00183 5.0265 0.1292 1080 48 1170 28 1123 48 1167 28 104
28.1 89 53 0.60 0.000336 0.000148 0.53 0.14671 0.00702 0.0727 0.0044 0.10154 0.00296 3.3740 0.1070 1418 84 1673 47 1653 55 1653 55 101
29.1 83 117 1.41 0.000440 0.000137 0.63 0.27472 0.00781 0.0792 0.0030 0.15747 0.00468 2.4696 0.0519 1540 56 2192 39 2429 51 2429 51 90
30.1 496 403 0.81 0.000217 0.000048 0.34 0.19705 0.00298 0.0660 0.0013 0.11143 0.00160 3.6763 0.0382 1291 24 1551 14 1823 26 1823 26 85
31.1 94 66 0.70 0.000008 0.000007 0.01 0.19592 0.00443 0.1060 0.0052 0.12846 0.00222 2.6276 0.0969 2037 95 2079 66 2077 31 2077 31 100
32.1 256 63 0.25 0.000017 0.000013 0.03 0.07102 0.00198 0.0943 0.0035 0.11295 0.00168 3.0471 0.0566 1821 64 1830 30 1847 27 1847 27 99
33.1 201 85 0.42 0.000113 0.000056 0.18 0.12198 0.00306 0.0934 0.0040 0.11443 0.00201 3.0919 0.0912 1805 74 1806 47 1871 32 1871 32 97
34.1 232 85 0.37 0.000148 0.000080 0.23 0.08061 0.00341 0.0674 0.0031 0.10972 0.00224 3.2697 0.0500 1318 59 1720 23 1795 38 1795 38 96
35.1 259 171 0.66 0.000260 0.000116 0.40 0.16498 0.00493 0.0795 0.0032 0.11016 0.00278 3.1432 0.0703 1546 60 1781 35 1802 47 1802 47 99
36.1 85 68 0.80 0.000020 0.000020 0.04 0.22532 0.00787 0.0388 0.0019 0.06918 0.00226 7.3010 0.2091 769 36 827 22 904 69 827 22 92
37.1 137 112 0.82 0.000020 0.000020 0.04 0.23773 0.01070 0.0400 0.0020 0.06577 0.00186 7.2671 0.1490 793 40 831 16 799 60 830 16 104
38.1 402 236 0.59 0.000023 0.000024 0.04 0.16648 0.00259 0.0937 0.0020 0.10887 0.00108 3.0227 0.0377 1811 38 1842 20 1781 18 1781 18 104
39.1 381 232 0.61 0.000054 0.000023 0.08 0.16807 0.00292 0.0923 0.0023 0.11187 0.00231 2.9911 0.0478 1784 43 1859 26 1830 38 1830 38 102
40.1 364 264 0.73 0.000020 0.000020 0.03 0.20283 0.00284 0.0925 0.0028 0.11317 0.00124 3.0161 0.0685 1788 53 1846 37 1851 20 1851 20 100
41.1 314 187 0.59 0.001423 0.000214 2.22 0.15567 0.00802 0.0843 0.0045 0.10728 0.00374 3.1029 0.0350 1636 84 1801 18 1754 65 1754 65 103
42.1 267 130 0.49 0.000049 0.000021 0.08 0.13304 0.00458 0.0916 0.0037 0.11117 0.00163 2.9797 0.0533 1772 69 1866 29 1819 27 1819 27 103
43.1 107 100 0.93 0.000085 0.000110 0.12 0.24431 0.00693 0.1210 0.0064 0.15906 0.00400 2.1647 0.0825 2309 116 2448 78 2446 43 2446 43 100
44.1 195 98 0.50 0.000020 0.000020 0.03 0.13464 0.00258 0.1076 0.0043 0.13633 0.00188 2.4953 0.0743 2065 78 2173 55 2181 24 2181 24 100
45.1 390 301 0.77 0.000062 0.000038 0.10 0.21256 0.00520 0.0771 0.0027 0.09646 0.00145 3.5817 0.0743 1501 50 1587 29 1557 28 1557 28 102
46.1 118 50 0.42 0.000010 0.000020 0.02 0.11074 0.00569 0.1180 0.0076 0.14135 0.00302 2.2307 0.0731 2254 137 2388 66 2244 37 2244 37 106
47.1 95 96 1.01 0.000010 0.000020 0.01 0.27060 0.00412 0.1298 0.0035 0.16303 0.00210 2.0657 0.0398 2466 63 2545 41 2487 22 2487 22 102
48.1 172 100 0.58 0.000020 0.000020 0.03 0.15871 0.00261 0.1275 0.0035 0.15900 0.00163 2.1532 0.0379 2426 62 2459 36 2445 17 2445 17 101
49.1 90 72 0.80 0.000196 0.000212 0.34 0.22462 0.01251 0.0401 0.0027 0.06471 0.00521 6.9737 0.2194 794 52 864 25 765 180 861 25 113
Table 3.8. U-Th-Pb isotopic analyses of zircon from the Arrinthrunga Formation, Georgina Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
50.1 218 96 0.44 0.000069 0.000030 0.10 0.11427 0.00198 0.1405 0.0036 0.18527 0.00282 1.8554 0.0297 2657 63 2779 36 2701 25 2701 25 103
51.1 290 161 0.56 0.000020 0.000020 0.03 0.15342 0.00224 0.0914 0.0025 0.11279 0.00102 3.0210 0.0613 1769 47 1843 33 1845 16 1845 16 100
52.1 250 208 0.83 0.000010 0.000020 0.02 0.23171 0.00315 0.0757 0.0021 0.09419 0.00155 3.6757 0.0763 1474 40 1551 29 1512 31 1512 31 103
53.1 335 308 0.92 0.000006 0.000006 0.01 0.25285 0.00257 0.0899 0.0023 0.10953 0.00119 3.0678 0.0621 1740 43 1819 32 1792 20 1792 20 102
54.1 238 116 0.49 0.000010 0.000020 0.02 0.12378 0.00534 0.0853 0.0041 0.11288 0.00107 2.9853 0.0541 1654 76 1862 29 1846 17 1846 17 101
55.1 181 71 0.39 0.000020 0.000020 0.03 0.11165 0.00539 0.0909 0.0051 0.11177 0.00207 3.1344 0.0758 1758 94 1785 38 1828 34 1828 34 98
56.1 336 106 0.32 0.000345 0.000121 0.54 0.09018 0.00497 0.0889 0.0052 0.10859 0.00219 3.2193 0.0523 1722 97 1744 25 1776 37 1776 37 98
57.1 261 124 0.48 0.000036 0.000019 0.06 0.13173 0.00336 0.0909 0.0030 0.11235 0.00204 3.0476 0.0537 1759 55 1829 28 1838 33 1838 33 100
58.1 427 274 0.64 0.000307 0.000086 0.47 0.11726 0.00363 0.0629 0.0022 0.11408 0.00206 2.9003 0.0377 1233 42 1910 22 1865 33 1865 33 102
59.1 165 75 0.45 0.000077 0.000072 0.12 0.11718 0.00549 0.0951 0.0052 0.11620 0.00169 2.7192 0.0612 1837 96 2019 39 1899 26 1899 26 106
60.1 350 304 0.87 0.000055 0.000034 0.08 0.24173 0.00331 0.0892 0.0031 0.11483 0.00156 3.1212 0.0860 1727 58 1792 43 1877 25 1877 25 95
61.1 468 308 0.66 0.000029 0.000013 0.04 0.18900 0.00343 0.0944 0.0028 0.11116 0.00174 3.0476 0.0618 1822 52 1829 32 1818 29 1818 29 101
62.1 457 66 0.15 0.000121 0.000059 0.19 0.03825 0.00228 0.0880 0.0057 0.11488 0.00211 2.9972 0.0562 1704 107 1856 30 1878 34 1878 34 99
63.1 175 81 0.46 0.000207 0.000096 0.32 0.11382 0.00419 0.0827 0.0037 0.10821 0.00204 2.9757 0.0531 1605 68 1868 29 1770 35 1770 35 106
64.1 222 90 0.40 0.000020 0.000020 0.03 0.11055 0.00254 0.0913 0.0029 0.11309 0.00253 2.9935 0.0558 1766 53 1858 30 1850 41 1850 41 100
65.1 353 188 0.53 0.000010 0.000020 0.02 0.12691 0.00220 0.0833 0.0024 0.11391 0.00164 2.8580 0.0569 1617 45 1934 33 1863 26 1863 26 104
66.1 499 125 0.25 0.000020 0.000020 0.03 0.06880 0.00212 0.0966 0.0034 0.12163 0.00177 2.8510 0.0405 1865 63 1938 24 1980 26 1980 26 98
67.1 661 376 0.57 0.000603 0.000113 0.93 0.13313 0.00528 0.0676 0.0031 0.11414 0.00220 3.4634 0.0682 1321 59 1635 28 1866 35 1866 35 88
68.1 218 93 0.43 0.000170 0.000094 0.26 0.11600 0.00538 0.0871 0.0045 0.11377 0.00302 3.1131 0.0620 1688 84 1796 31 1860 49 1860 49 97
69.1 154 196 1.28 0.000261 0.000108 0.40 0.22552 0.00753 0.0490 0.0022 0.11028 0.00284 3.6091 0.0928 967 42 1577 36 1804 48 1804 48 87
70.1 210 159 0.76 0.000047 0.000023 0.07 0.20471 0.00527 0.0881 0.0036 0.11018 0.00159 3.0675 0.0833 1706 67 1819 43 1802 27 1802 27 101
71.1 70 45 0.65 0.000137 0.000136 0.21 0.17922 0.00693 0.0967 0.0062 0.11529 0.00303 2.8665 0.1270 1866 115 1929 74 1884 48 1884 48 102
72.1 253 278 1.10 0.000101 0.000069 0.16 0.18682 0.00444 0.0446 0.0016 0.11008 0.00207 3.8056 0.0888 883 32 1504 31 1801 35 1801 35 84
73.1 157 41 0.26 0.000020 0.000020 0.03 0.08062 0.00309 0.0559 0.0025 0.07999 0.00229 5.5983 0.1167 1099 49 1059 20 1197 58 1059 20 89
74.1 88 78 0.88 0.000287 0.000164 0.48 0.26203 0.00977 0.0580 0.0032 0.07462 0.00407 5.1020 0.1685 1140 62 1154 35 1058 114 1154 35 109
75.1 145 106 0.73 0.000020 0.000020 0.03 0.20247 0.00847 0.0929 0.0045 0.10858 0.00184 2.9906 0.0646 1796 84 1860 35 1776 31 1776 31 105
76.1 162 50 0.31 0.000010 0.000018 0.01 0.08212 0.00260 0.1234 0.0050 0.14981 0.00218 2.1647 0.0427 2352 91 2448 40 2344 25 2344 25 105
78.1 121 101 0.84 0.000163 0.000163 0.25 0.19449 0.00765 0.0721 0.0043 0.11137 0.00360 3.2195 0.1225 1408 81 1744 58 1822 60 1822 60 96
79.1 366 425 1.16 0.000134 0.000041 0.21 0.20432 0.00350 0.0459 0.0016 0.11362 0.00216 3.8303 0.1005 906 31 1495 35 1858 35 1858 35 81
80.1 517 397 0.77 0.000391 0.000094 0.60 0.20246 0.00468 0.0613 0.0018 0.11249 0.00252 4.3086 0.0665 1202 34 1345 19 1840 41 1840 41 73
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 28 19 0.69 0.004418 0.001187 7.07 0.18674 0.02093 0.0656 0.0082 0.06633 0.01960 4.1106 0.1973 1285 157 1404 61 817 781 1404 61 168
2.1 650 263 0.40 0.001003 0.000157 1.68 0.13169 0.00589 0.0347 0.0017 0.07814 0.00306 9.3749 0.1678 690 34 653 11 1150 80 1150 80 57
3.1 180 155 0.86 0.000760 0.000329 1.22 0.22501 0.00876 0.0465 0.0023 0.07535 0.00565 5.6241 0.1409 919 43 1055 24 1078 158 1055 24 98
4.1 44 64 1.45 0.000841 0.000532 1.35 0.45343 0.04043 0.0439 0.0048 0.07951 0.00943 7.1139 0.3930 868 94 848 44 1185 254 848 44 73
5.1 59 91 1.52 0.001367 0.000642 2.19 0.43695 0.01507 0.0547 0.0028 0.07458 0.01049 5.2430 0.1732 1077 54 1125 34 1057 313 1125 34 106
6.1 231 159 0.69 0.000405 0.000134 0.65 0.18259 0.01218 0.0484 0.0037 0.07929 0.00320 5.4882 0.1652 956 71 1079 30 1179 82 1079 30 92
7.1 197 50 0.26 0.000419 0.000365 0.67 0.07039 0.00707 0.0311 0.0033 0.06278 0.00593 8.8459 0.1872 619 64 690 14 701 215 690 14 99
9.1 189 157 0.83 0.000069 0.000033 0.11 0.22034 0.00811 0.1783 0.0088 0.29049 0.00232 1.4855 0.0408 3317 151 3318 72 3420 12 3420 12 97
10.1 516 154 0.30 0.000053 0.000048 0.09 0.08667 0.00391 0.0261 0.0014 0.06138 0.00130 11.1570 0.2808 520 28 553 13 653 46 553 13 85
11.1 112 59 0.53 0.000994 0.000258 1.59 0.14546 0.00695 0.0552 0.0035 0.07290 0.00443 4.9626 0.1674 1085 66 1183 37 1011 128 1183 37 116
12.1 422 246 0.58 0.000028 0.000025 0.04 0.15269 0.00463 0.1816 0.0060 0.27679 0.00139 1.4408 0.0157 3372 103 3398 29 3345 8 3345 8 102
13.1 398 61 0.15 0.000441 0.000130 0.71 0.04738 0.00679 0.0295 0.0043 0.05757 0.00242 10.4710 0.2392 588 85 588 13 513 95 588 13 114
14.1 280 30 0.11 0.000087 0.000182 0.14 0.02623 0.00525 0.0219 0.0044 0.06147 0.00339 11.0920 0.1946 439 88 556 9 656 123 556 9 85
15.1 282 175 0.62 0.000244 0.000113 0.39 0.16735 0.00881 0.0539 0.0032 0.07897 0.00230 4.9900 0.1258 1062 62 1178 27 1171 59 1178 27 101
16.1 272 39 0.14 0.000493 0.000182 0.79 0.03367 0.00732 0.0254 0.0056 0.06367 0.00321 9.2474 0.1618 507 110 662 11 731 111 662 11 91
17.1 252 214 0.85 0.000293 0.000283 0.47 0.24446 0.00932 0.0266 0.0011 0.06266 0.00500 10.7880 0.1779 530 22 571 9 697 180 571 9 82
18.1 80 49 0.61 0.000149 0.000084 0.24 0.15300 0.01087 0.1289 0.0122 0.18652 0.00341 1.9334 0.1015 2450 220 2687 116 2712 30 2712 30 99
19.1 111 94 0.85 0.000823 0.000418 1.32 0.24986 0.01658 0.0497 0.0039 0.06903 0.00689 5.9247 0.2109 979 75 1005 33 900 221 1005 33 111
20.1 908 366 0.40 0.000024 0.000017 0.04 0.11157 0.00425 0.1360 0.0053 0.19033 0.00138 2.0335 0.0150 2578 95 2578 16 2745 12 2745 12 94
21.1 617 89 0.14 0.000014 0.000009 0.02 0.03503 0.00444 0.0264 0.0034 0.06697 0.00162 9.2365 0.1898 526 67 663 13 837 51 837 51 80
22.1 395 219 0.56 0.000057 0.000050 0.09 0.15188 0.00597 0.0944 0.0040 0.12300 0.00208 2.8990 0.0365 1823 74 1910 21 2000 30 2000 30 96
23.1 432 267 0.62 0.000049 0.000019 0.08 0.15389 0.00810 0.1459 0.0085 0.26546 0.00247 1.7041 0.0371 2753 151 2977 52 3279 15 3279 15 91
24.1 101 125 1.23 0.000160 0.000206 0.26 0.36288 0.01547 0.0280 0.0016 0.06508 0.00424 10.5460 0.3483 558 31 584 18 777 144 584 18 76
25.1 106 73 0.69 0.000184 0.000059 0.29 0.17330 0.01114 0.1711 0.0123 0.27320 0.00341 1.4577 0.0371 3192 213 3367 67 3325 20 3325 20 101
26.1 100 82 0.82 0.000570 0.000595 0.91 0.21957 0.01356 0.0650 0.0044 0.09239 0.00972 4.0981 0.0998 1273 84 1408 31 1475 214 1408 31 96
27.1 276 310 1.12 0.000638 0.000203 1.02 0.33881 0.01061 0.0299 0.0013 0.05448 0.00363 10.0680 0.2472 596 25 610 14 391 157 610 14 155
28.1 109 82 0.75 0.000501 0.000157 0.80 0.21472 0.00948 0.0715 0.0036 0.09272 0.00331 3.9795 0.0836 1396 68 1445 27 1482 69 1482 69 98
29.1 158 216 1.37 0.002094 0.000630 3.72 0.39291 0.01193 0.0284 0.0011 0.06923 0.01031 10.1250 0.2217 566 22 607 13 906 342 607 13 68
30.1 234 78 0.34 0.000173 0.000342 0.28 0.08363 0.00661 0.0273 0.0023 0.06925 0.00566 9.1455 0.2591 544 46 669 18 906 178 669 18 74
31.1 69 29 0.43 0.000099 0.000128 0.16 0.14316 0.02127 0.0283 0.0046 0.07485 0.00476 11.8630 0.6885 565 91 522 29 1064 133 1064 133 49
32.1 141 189 1.34 0.000873 0.000398 1.40 0.37025 0.01924 0.0266 0.0019 0.05724 0.00657 10.3840 0.4311 530 37 593 24 501 275 593 24 118
33.1 85 81 0.94 0.000136 0.000115 0.22 0.25383 0.01620 0.1336 0.0127 0.18541 0.00512 2.0136 0.1213 2534 228 2599 130 2702 46 2702 46 97
34.1 533 333 0.63 0.000022 0.000013 0.04 0.17214 0.00512 0.1296 0.0043 0.17270 0.00169 2.1234 0.0247 2464 77 2488 24 2584 16 2584 16 96
35.1 324 192 0.59 0.000098 0.000052 0.16 0.18146 0.00857 0.0598 0.0033 0.07713 0.00174 5.1030 0.1306 1174 64 1154 27 1125 46 1154 27 103
36.1 352 175 0.50 0.000091 0.000038 0.15 0.13818 0.00539 0.0762 0.0039 0.10043 0.00168 3.6459 0.0997 1484 73 1563 38 1632 32 1632 32 96
37.1 43 29 0.67 0.000020 0.000020 0.03 0.21919 0.02203 0.0498 0.0064 0.08552 0.00751 6.5482 0.4286 982 123 916 56 1327 180 916 56 69
38.1 119 54 0.46 0.000189 0.000135 0.30 0.12490 0.01549 0.1758 0.0229 0.25883 0.00511 1.5460 0.0470 3273 397 3216 77 3240 31 3240 31 99
39.1 164 83 0.51 0.000307 0.000121 0.49 0.14055 0.01006 0.0743 0.0065 0.09315 0.00349 3.7081 0.1568 1449 123 1539 58 1491 73 1491 73 103
40.1 66 21 0.32 0.001246 0.000409 1.99 0.08497 0.01243 0.0623 0.0096 0.07754 0.00757 4.2021 0.1855 1222 184 1376 55 1135 208 1376 55 120
41.1 70 71 1.02 0.002083 0.000659 3.33 0.31715 0.01605 0.0401 0.0028 0.05737 0.01089 7.7093 0.3244 795 55 786 31 506 483 786 31 154
42.1 266 333 1.25 0.000078 0.000054 0.12 0.34866 0.01866 0.0826 0.0107 0.13540 0.00530 3.3721 0.3336 1604 200 1674 148 2169 70 2169 70 76
43.1 88 121 1.37 0.000449 0.000759 0.72 0.42884 0.02272 0.0411 0.0041 0.06903 0.01234 7.6162 0.5496 814 79 795 54 900 420 795 54 89
44.1 204 30 0.15 0.000031 0.000029 0.05 0.06257 0.00924 0.0448 0.0068 0.06689 0.00249 9.4181 0.2751 886 132 651 18 834 80 834 80 78
45.1 415 935 2.25 0.000617 0.000265 0.99 0.69366 0.02307 0.0280 0.0013 0.05269 0.00485 10.9930 0.2818 558 25 561 14 316 224 561 14 177
46.1 230 95 0.41 0.000003 0.000002 0.01 0.12205 0.00748 0.0569 0.0039 0.07858 0.00160 5.1844 0.1402 1119 75 1137 28 1162 41 1137 28 98
47.1 215 187 0.87 0.002409 0.000298 4.04 0.25028 0.01195 0.0562 0.0030 0.07844 0.00519 5.1199 0.1127 1106 58 1150 23 1158 137 1150 23 99
48.1 126 67 0.53 0.000063 0.000057 0.10 0.14470 0.00993 0.1261 0.0100 0.18831 0.00341 2.1704 0.0677 2400 179 2443 64 2727 30 2727 30 90
Table 3.9. U-Th-Pb isotopic analyses of zircon from the Pacoota Sandstone, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
49.1 149 156 1.04 0.000163 0.000089 0.26 0.31483 0.01011 0.0616 0.0026 0.07685 0.00248 4.8999 0.1235 1209 50 1197 28 1117 66 1194 27 107
50.1 196 174 0.89 0.000083 0.000099 0.13 0.25001 0.01293 0.0508 0.0029 0.07669 0.00239 5.5447 0.1247 1001 56 1069 22 1113 64 1069 22 96
51.1 719 157 0.22 0.000564 0.000114 0.97 0.06996 0.00500 0.0346 0.0025 0.06925 0.00212 9.2463 0.1204 687 49 662 8 906 65 906 65 73
52.1 973 1110 1.14 0.001050 0.000111 1.75 0.38079 0.00568 0.0484 0.0009 0.08017 0.00199 6.8997 0.0699 955 17 873 8 1201 50 1201 50 73
53.1 75 24 0.32 0.000406 0.000221 0.65 0.08955 0.01687 0.0309 0.0060 0.06942 0.00465 8.9223 0.3463 615 118 685 25 911 144 685 25 76
54.1 262 207 0.79 0.000082 0.000061 0.13 0.23148 0.00570 0.0556 0.0017 0.07865 0.00162 5.2541 0.0886 1094 33 1123 17 1163 41 1123 17 97
55.1 827 14 0.02 0.000164 0.000060 0.26 0.00207 0.00214 0.0111 0.0115 0.05895 0.00124 10.8930 0.1484 223 228 566 7 565 47 566 7 100
56.1 603 381 0.63 0.000063 0.000033 0.10 0.17576 0.00371 0.0503 0.0029 0.07585 0.00110 5.5243 0.2478 993 55 1073 44 1091 29 1073 44 99
57.1 125 125 1.00 0.000324 0.000263 0.52 0.28731 0.01040 0.0506 0.0030 0.07601 0.00466 5.6920 0.2306 997 58 1043 39 1095 128 1043 39 96
58.1 490 357 0.73 0.000043 0.000026 0.07 0.20468 0.00630 0.0251 0.0010 0.05985 0.00144 11.1870 0.2479 502 20 552 12 598 53 552 12 92
59.1 177 70 0.40 0.000073 0.000074 0.12 0.12344 0.00559 0.1190 0.0067 0.18356 0.00199 2.6188 0.0665 2273 122 2085 45 2685 18 2685 18 78
60.1 254 84 0.33 0.000142 0.000181 0.23 0.09264 0.00604 0.0302 0.0021 0.06438 0.00321 9.2512 0.1703 602 41 662 12 754 109 662 12 88
61.1 187 138 0.74 0.000349 0.000139 0.56 0.20844 0.00601 0.0534 0.0021 0.07898 0.00261 5.2802 0.1211 1051 40 1118 24 1172 67 1118 24 96
62.1 813 64 0.08 0.000248 0.000136 0.40 0.00498 0.00336 0.0056 0.0037 0.06119 0.00238 11.4410 0.1564 112 75 540 7 646 86 540 7 84
63.1 516 319 0.62 0.000610 0.000088 0.94 0.16436 0.00426 0.0609 0.0019 0.11194 0.00189 4.3650 0.0665 1194 36 1330 18 1831 31 1831 31 73
64.1 123 94 0.77 0.000097 0.000047 0.16 0.21432 0.00919 0.1467 0.0072 0.19024 0.00257 1.9066 0.0384 2767 127 2718 45 2744 22 2744 22 99
65.1 862 20 0.02 0.000071 0.000037 0.11 0.00573 0.00357 0.0213 0.0133 0.06172 0.00153 11.6190 0.2011 425 265 532 9 664 54 532 9 80
66.1 603 309 0.51 0.000013 0.000012 0.02 0.13529 0.00398 0.1252 0.0040 0.18562 0.00125 2.1064 0.0214 2384 72 2504 21 2704 11 2704 11 93
67.1 73 50 0.69 0.000153 0.000093 0.24 0.19267 0.01122 0.1478 0.0113 0.18577 0.00384 1.8992 0.0780 2787 200 2727 92 2705 35 2705 35 101
68.1 624 359 0.57 0.000122 0.000052 0.20 0.17416 0.00607 0.0320 0.0015 0.05992 0.00128 9.4632 0.2478 637 29 648 16 601 47 648 16 108
69.1 141 124 0.88 0.000049 0.000023 0.08 0.24236 0.00837 0.1419 0.0079 0.18946 0.00213 1.9303 0.0709 2682 140 2691 81 2737 19 2737 19 98
70.1 155 76 0.49 0.000203 0.000121 0.33 0.14168 0.00809 0.0482 0.0029 0.07735 0.00316 6.0311 0.1046 951 56 989 16 1130 84 989 16 88
71.1 351 292 0.83 0.000148 0.000078 0.24 0.23573 0.00419 0.0530 0.0019 0.07518 0.00155 5.3569 0.1397 1044 36 1103 27 1073 42 1103 27 103
72.1 396 115 0.29 0.000310 0.000272 0.50 0.08591 0.00485 0.0288 0.0018 0.05748 0.00450 10.2690 0.2166 574 35 599 12 510 182 599 12 117
73.1 100 88 0.87 0.000158 0.000211 0.25 0.25659 0.01153 0.0445 0.0025 0.07733 0.00405 6.6115 0.1968 880 48 908 25 1130 108 1130 108 80
74.1 255 103 0.41 0.000112 0.000051 0.18 0.11815 0.00631 0.0581 0.0033 0.08164 0.00233 5.0146 0.0918 1142 64 1172 20 1237 57 1172 20 95
75.1 137 37 0.27 0.000994 0.000668 1.59 0.06847 0.00976 0.0273 0.0041 0.05858 0.01080 9.4011 0.3523 544 80 652 23 551 463 652 23 118
76.1 32 84 2.60 0.000748 0.001065 1.20 0.77670 0.02127 0.0715 0.0047 0.09719 0.01693 4.1788 0.2119 1396 89 1383 63 1571 368 1383 63 89
77.1 500 260 0.52 0.000408 0.000170 0.65 0.14429 0.00472 0.0272 0.0010 0.05647 0.00290 10.1900 0.1546 543 20 603 9 471 118 603 9 128
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 254 136 0.53 0.000086 0.000035 0.23 0.16336 0.00919 0.0284 0.0017 0.05983 0.00328 10.7437 0.1925 567 34 574 10 598 123 574 10 96
1.2 154 21 0.13 0.000266 0.000192 0.31 0.04206 0.00644 0.0281 0.0044 0.05721 0.00373 11.1865 0.2734 559 86 552 13 500 150 552 13 110
2.1 264 322 1.22 0.000094 0.000042 0.08 0.36229 0.00599 0.0612 0.0016 0.07967 0.00162 4.8629 0.0822 1200 30 1206 19 1189 41 1206 19 101
3.1 128 55 0.43 0.000438 0.000274 0.47 0.13691 0.00971 0.0303 0.0025 0.05685 0.00537 10.6055 0.3697 603 49 581 19 486 223 581 19 119
4.1 709 491 0.69 0.000119 0.000062 -0.09 0.21546 0.00550 0.0297 0.0008 0.05712 0.00137 10.4645 0.0911 592 16 588 5 496 54 587 5 118
5.1 111 66 0.59 0.000020 0.000020 0.57 0.19711 0.01189 0.0322 0.0021 0.06402 0.00395 10.3201 0.2041 641 41 596 11 742 136 596 11 81
6.1 826 274 0.33 0.000716 0.000162 0.98 0.09433 0.00298 0.1113 0.0037 0.18457 0.00258 2.5546 0.0229 2133 68 2130 16 2694 23 2694 23 79
7.1 109 32 0.29 0.000020 0.000015 0.92 0.07911 0.00774 0.0511 0.0053 0.08473 0.00281 5.2650 0.1347 1007 101 1121 26 1309 66 1309 66 86
8.1 64 78 1.22 0.000020 0.000020 0.51 0.37168 0.00990 0.0544 0.0019 0.07847 0.00274 5.6269 0.1113 1070 37 1055 19 1159 71 1159 71 91
9.1 212 93 0.44 0.000041 0.000025 0.05 0.13129 0.00505 0.0566 0.0025 0.07675 0.00144 5.2801 0.1025 1112 49 1118 20 1115 38 1115 38 100
10.1 353 135 0.38 0.000263 0.000075 0.42 0.12870 0.00507 0.0741 0.0031 0.09658 0.00165 4.5380 0.0547 1444 58 1284 14 1559 32 1559 32 82
11.1 91 54 0.59 0.000106 0.000097 0.16 0.17337 0.00822 0.1060 0.0056 0.12586 0.00242 2.7795 0.0509 2036 102 1981 31 2041 34 2041 34 97
12.1 192 53 0.28 0.000252 0.000079 0.42 0.09609 0.00885 0.0447 0.0043 0.06496 0.00280 7.7823 0.1806 883 83 779 17 773 93 779 17 101
13.1 55 43 0.78 0.000608 0.000129 0.82 0.21175 0.00953 0.1370 0.0074 0.18436 0.00373 1.9778 0.0505 2595 132 2638 56 2693 34 2693 34 98
14.1 127 120 0.95 0.000402 0.000274 0.88 0.29219 0.01212 0.0277 0.0014 0.06002 0.00465 11.1312 0.2963 553 28 555 14 604 177 555 14 92
15.1 417 360 0.86 0.000314 0.000137 0.54 0.26856 0.00507 0.0264 0.0008 0.05762 0.00241 11.8038 0.2140 526 15 524 9 516 95 524 9 102
16.1 241 96 0.40 0.000221 0.000047 0.35 0.10821 0.00300 0.0856 0.0029 0.10477 0.00121 3.1696 0.0486 1660 54 1768 24 1710 21 1710 21 103
17.1 363 101 0.28 0.000153 0.000046 0.24 0.08033 0.00272 0.0850 0.0031 0.10551 0.00119 3.3877 0.0349 1650 57 1667 15 1723 21 1723 21 97
18.1 181 78 0.43 0.000448 0.000148 -0.11 0.15262 0.00711 0.0365 0.0020 0.05313 0.00265 9.7445 0.2296 725 39 630 14 334 117 624 14 187
19.1 204 229 1.12 0.000117 0.000089 0.18 0.32163 0.00537 0.0870 0.0025 0.10859 0.00206 3.2909 0.0649 1685 46 1710 30 1776 35 1776 35 96
20.1 128 42 0.33 0.000663 0.000251 1.07 0.10649 0.01495 0.0209 0.0030 0.05756 0.00613 15.3868 0.3163 419 60 406 8 513 253 513 253 79
21.1 221 149 0.67 0.000716 0.000255 0.89 0.20581 0.00532 0.0256 0.0008 0.05447 0.00418 11.9022 0.1689 511 16 520 7 390 182 520 7 133
22.1 532 289 0.54 0.000174 0.000020 0.21 0.15752 0.00360 0.1783 0.0048 0.26590 0.00120 1.6253 0.0194 3315 82 3091 29 3282 7 3282 7 94
23.1 187 78 0.41 0.000256 0.000097 0.76 0.13094 0.00613 0.0290 0.0014 0.06140 0.00216 10.9144 0.1625 577 28 565 8 653 77 565 8 87
24.1 170 163 0.96 0.000338 0.000093 0.53 0.27582 0.00619 0.0891 0.0025 0.10532 0.00190 3.2271 0.0464 1725 46 1740 22 1720 33 1720 33 101
25.1 303 342 1.13 0.001078 0.000229 1.99 0.32738 0.01073 0.0259 0.0010 0.05912 0.00407 11.2195 0.1755 516 19 550 8 572 157 550 8 96
26.1 69 104 1.51 0.002197 0.000542 2.24 0.47954 0.00957 0.0588 0.0019 0.06312 0.00878 5.3975 0.1232 1155 37 1096 23 712 327 1096 23 152
27.1 362 1005 2.77 0.000502 0.000280 -0.16 0.83568 0.01627 0.0298 0.0008 0.05131 0.00496 10.1089 0.1638 594 16 608 9 255 238 602 10 236
28.1 410 150 0.37 0.000515 0.000143 0.82 0.09647 0.00496 0.0450 0.0025 0.07256 0.00264 5.8580 0.0890 889 48 1016 14 1002 76 1016 14 101
29.1 179 138 0.77 0.000163 0.000108 0.59 0.22706 0.00948 0.0593 0.0032 0.08214 0.00342 4.9719 0.1446 1164 61 1181 31 1249 84 1181 31 95
30.1 90 69 0.76 0.003062 0.001092 3.16 0.22625 0.01876 0.0545 0.0048 0.05777 0.01799 5.4470 0.1541 1072 93 1087 28 521 568 1087 28 205
31.1 79 151 1.89 0.002278 0.000814 2.50 0.58727 0.02081 0.0295 0.0014 0.04625 0.01415 10.5071 0.2791 588 27 586 15 13 968 586 15 4496
33.1 133 77 0.58 0.000983 0.000245 1.58 0.17543 0.01080 0.0496 0.0035 0.07093 0.00518 6.0844 0.1838 979 67 981 28 955 157 981 28 103
34.1 138 117 0.85 0.000623 0.000224 1.53 0.25713 0.00851 0.0263 0.0011 0.06166 0.00392 11.4816 0.2431 525 21 538 11 662 143 538 11 82
35.1 195 71 0.37 0.000271 0.000111 0.71 0.10850 0.00390 0.0491 0.0019 0.07422 0.00203 6.0315 0.0804 968 37 989 12 1047 56 989 12 95
36.1 76 96 1.27 0.001713 0.000288 1.55 0.38656 0.01360 0.0602 0.0034 0.06714 0.00521 5.0609 0.1907 1182 64 1162 40 842 170 1162 40 136
37.1 137 213 1.55 0.001231 0.000350 2.03 0.47970 0.01228 0.0310 0.0013 0.05906 0.00653 9.9678 0.2657 618 24 616 16 569 261 616 16 108
38.1 240 68 0.28 0.000367 0.000183 1.12 0.07760 0.00488 0.0258 0.0018 0.06322 0.00324 10.6223 0.2536 515 35 580 13 716 113 580 13 81
39.1 135 121 0.89 0.000351 0.000091 0.42 0.26366 0.00827 0.0671 0.0028 0.08393 0.00212 4.3989 0.1016 1312 52 1320 28 1291 50 1320 28 102
40.1 815 239 0.29 0.000869 0.000143 1.17 0.08988 0.00436 0.0269 0.0014 0.05518 0.00260 11.3849 0.1218 537 27 543 6 419 109 543 6 129
41.1 127 166 1.31 0.000478 0.000151 0.76 0.38775 0.00829 0.0818 0.0028 0.09892 0.00305 3.6184 0.0835 1590 53 1573 32 1604 59 1604 59 98
42.1 303 90 0.30 0.000329 0.000095 0.64 0.08959 0.00656 0.0549 0.0042 0.07623 0.00259 5.4712 0.0793 1079 80 1082 14 1101 70 1082 14 98
43.1 113 80 0.71 0.000532 0.000124 0.80 0.20262 0.01010 0.0948 0.0053 0.13031 0.00302 3.0123 0.0651 1830 98 1848 35 2102 41 2102 41 88
44.1 261 259 0.99 0.000542 0.000170 0.51 0.31414 0.00979 0.0334 0.0014 0.05750 0.00317 9.4846 0.2363 663 28 646 15 511 126 646 15 126
45.1 294 409 1.39 0.000559 0.000211 1.07 0.42029 0.00952 0.0282 0.0008 0.05982 0.00371 10.7414 0.1438 562 15 574 7 597 140 574 7 96
46.1 285 121 0.42 0.000401 0.000053 0.61 0.11727 0.00404 0.0926 0.0034 0.11965 0.00154 2.9895 0.0312 1790 63 1860 17 1951 23 1951 23 95
Table 3.10. U-Th-Pb isotopic analyses of zircon from the Tomahawk Formation, Georgina Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 90 21 0.23 0.001015 0.000432 1.99 0.06412 0.00656 0.0291 0.0032 0.06282 0.00710 9.4641 0.2920 579 63 648 19 702 261 648 19 92
49.1 89 2 0.02 0.003309 0.000565 5.79 -0.01436 0.00866 -0.0511 -0.0309 0.05740 0.00943 11.2544 0.2290 0 0 549 11 507 409 549 11 108
50.1 80 47 0.59 0.000778 0.000260 0.82 0.17549 0.01055 0.0728 0.0055 0.08531 0.00470 4.0825 0.1579 1421 104 1412 49 1323 111 1412 49 106
51.1 131 141 1.07 0.000719 0.000180 0.97 0.33702 0.00963 0.0321 0.0013 0.05816 0.00376 9.7705 0.2360 639 25 628 14 536 148 628 14 117
52.1 290 195 0.67 0.000399 0.000105 0.82 0.20775 0.00667 0.0324 0.0014 0.06201 0.00222 9.5406 0.2268 644 27 643 15 675 79 643 15 95
53.1 92 112 1.22 0.006342 0.001255 11.10 0.40337 0.02778 0.0618 0.0046 0.08002 0.02151 5.3443 0.1285 1213 88 1106 24 1197 648 1106 24 93
54.1 154 49 0.32 0.001098 0.000189 0.98 0.10313 0.00425 0.0557 0.0029 0.06546 0.00321 5.8418 0.1498 1095 55 1019 24 789 107 1019 24 128
55.1 984 93 0.10 0.007601 0.000280 13.51 0.03775 0.00631 0.0285 0.0048 0.05378 0.00494 13.9229 0.1090 569 95 447 3 362 222 447 3 123
56.1 289 78 0.27 0.000307 0.000166 0.16 0.08682 0.00376 0.0560 0.0026 0.07080 0.00289 5.7118 0.0712 1101 49 1040 12 952 86 1040 12 109
57.1 154 61 0.39 0.001926 0.000600 1.40 0.11772 0.00868 0.0258 0.0021 0.04098 0.00992 11.6219 0.3234 515 41 532 14 0 0 532 14 0
58.1 335 256 0.76 0.000151 0.000058 0.49 0.22327 0.00476 0.0522 0.0013 0.07674 0.00169 5.5922 0.0630 1029 25 1061 11 1114 45 1061 11 95
60.1 94 27 0.29 0.000153 0.000266 0.25 0.17471 0.02245 0.0676 0.0089 0.08291 0.00803 8.8953 0.1933 1322 169 687 14 1267 202 1267 202 54
61.1 95 55 0.58 0.000563 0.000238 1.17 0.18823 0.00676 0.0470 0.0020 0.06976 0.00407 6.8872 0.1284 928 39 874 15 921 125 874 15 95
62.1 153 49 0.32 0.000875 0.000512 1.19 0.09918 0.00780 0.0316 0.0026 0.05753 0.00831 9.7820 0.2161 629 51 627 13 512 353 627 13 122
63.1 116 276 2.37 0.001238 0.000361 1.63 0.77742 0.01506 0.0285 0.0009 0.05330 0.00599 11.5037 0.2435 567 17 537 11 342 276 537 11 156
64.1 150 29 0.20 0.002055 0.000350 2.78 0.16494 0.01113 0.2048 0.0145 0.25264 0.00613 4.1054 0.0738 3766 245 1405 23 3201 39 3201 39 44
65.1 240 121 0.50 0.000937 0.000255 1.57 0.15067 0.00746 0.0295 0.0017 0.05932 0.00446 10.1064 0.2235 588 32 608 13 579 172 608 13 105
66.1 502 68 0.14 0.000189 0.000048 0.30 0.03618 0.00358 0.0784 0.0078 0.10556 0.00150 3.4122 0.0356 1525 147 1657 15 1724 26 1724 26 96
67.1 109 132 1.21 0.000243 0.000109 0.42 0.38870 0.02082 0.0269 0.0017 0.06721 0.00294 11.8965 0.3041 537 32 520 13 844 94 844 94 62
68.1 582 278 0.48 0.000134 0.000030 0.21 0.13411 0.00388 0.0780 0.0025 0.11377 0.00142 3.6007 0.0374 1518 46 1580 15 1860 23 1860 23 85
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 591 145 0.25 0.000052 0.000039 0.14 0.07418 0.00647 0.0282 0.0025 0.05978 0.00152 10.6980 0.1621 562 49 576 8 596 56 576 8 97
2.1 48 33 0.69 0.000020 0.000020 0.47 0.18077 0.01967 0.1273 0.0153 0.19075 0.00612 2.0599 0.0915 2423 276 2551 94 2749 54 2749 54 93
3.1 241 107 0.44 0.000149 0.000079 -0.13 0.12784 0.00529 0.0693 0.0037 0.08487 0.00210 4.1573 0.1072 1355 69 1390 32 1313 49 1385 32 106
4.1 116 80 0.69 0.000427 0.000217 0.74 0.19311 0.01165 0.0517 0.0040 0.07636 0.00419 5.4205 0.2314 1020 77 1091 43 1104 114 1091 43 99
5.1 777 501 0.64 0.000024 0.000014 0.27 0.17196 0.00352 0.0938 0.0029 0.11167 0.00108 2.8445 0.0556 1812 53 1942 33 1827 18 1827 18 107
6.1 233 135 0.58 0.000133 0.000118 0.58 0.15962 0.00778 0.0732 0.0040 0.09800 0.00255 3.7579 0.0674 1428 75 1521 24 1586 49 1586 49 96
8.1 370 88 0.24 0.009164 0.000769 14.85 0.15111 0.01708 0.0821 0.0097 0.06741 0.01334 7.6934 0.2049 1595 182 788 20 851 477 788 20 93
9.1 211 215 1.02 0.000195 0.000064 0.69 0.34460 0.00785 0.0536 0.0017 0.07407 0.00171 6.3148 0.1104 1054 32 948 15 1043 47 1043 47 91
10.1 71 82 1.15 0.000764 0.000331 -0.19 0.35353 0.01316 0.0677 0.0039 0.07013 0.00611 4.5546 0.1752 1325 74 1280 45 932 190 1263 44 136
11.1 144 124 0.86 0.000020 0.000020 -0.11 0.25158 0.00731 0.0618 0.0028 0.08021 0.00172 4.7326 0.1346 1212 53 1236 32 1202 43 1234 32 103
12.1 303 141 0.47 0.000364 0.000165 0.75 0.17241 0.00759 0.0634 0.0036 0.07935 0.00323 5.8346 0.1790 1243 69 1020 29 1181 83 1181 83 87
13.1 398 139 0.35 0.000701 0.000270 1.29 0.06675 0.00543 0.0247 0.0021 0.07763 0.00455 7.7528 0.1882 494 42 782 18 1137 121 1137 121 69
14.1 418 131 0.31 0.000053 0.000040 -0.12 0.09359 0.00387 0.0602 0.0028 0.07743 0.00141 4.9711 0.0874 1181 54 1182 19 1132 37 1179 19 104
15.1 589 82 0.14 0.000113 0.000130 0.34 0.02886 0.00458 0.0313 0.0050 0.07856 0.00266 6.6522 0.0830 623 98 903 11 1161 69 1161 69 78
16.1 629 628 1.00 0.000034 0.000049 0.10 0.29794 0.00708 0.0304 0.0011 0.06101 0.00164 9.8112 0.2452 605 22 626 15 639 59 626 15 98
17.1 90 50 0.55 0.000192 0.000123 0.54 0.15353 0.01025 0.0817 0.0064 0.10758 0.00313 3.4016 0.1217 1588 121 1661 53 1759 54 1759 54 95
18.1 366 106 0.29 0.000112 0.000156 0.41 0.08843 0.00614 0.0951 0.0069 0.10890 0.00327 3.2223 0.0589 1836 128 1742 28 1781 56 1781 56 98
19.1 347 282 0.81 0.000010 0.000010 0.41 0.24198 0.00643 0.0411 0.0016 0.07042 0.00144 7.2447 0.1676 813 31 834 18 941 42 941 42 89
20.1 238 187 0.79 0.000638 0.000330 0.54 0.22931 0.01103 0.0276 0.0016 0.05495 0.00578 10.5336 0.2720 551 31 585 14 410 254 585 14 142
21.1 310 48 0.16 0.000204 0.000129 0.20 0.04103 0.00562 0.0245 0.0035 0.05798 0.00266 10.7808 0.2633 489 69 572 13 529 104 572 13 108
22.1 81 52 0.63 0.000093 0.000098 0.90 0.15006 0.01370 0.1711 0.0193 0.28405 0.00421 1.3842 0.0772 3192 335 3505 152 3385 23 3385 23 104
23.1 408 214 0.52 0.000231 0.000269 0.56 0.14211 0.00682 0.0223 0.0013 0.05921 0.00439 12.1592 0.3020 445 25 509 12 575 170 509 12 89
24.1 144 137 0.95 0.000032 0.000054 -0.16 0.26885 0.00856 0.0600 0.0030 0.07973 0.00224 4.7179 0.1505 1177 58 1239 36 1190 56 1237 36 104
25.1 575 374 0.65 0.000090 0.000029 0.57 0.16411 0.00436 0.1308 0.0042 0.18463 0.00149 1.9281 0.0303 2484 76 2693 35 2695 13 2695 13 100
26.1 276 137 0.50 0.000360 0.000227 0.12 0.15229 0.00611 0.0327 0.0016 0.05720 0.00383 9.3720 0.2317 650 32 654 15 499 155 654 15 130
27.1 164 116 0.70 0.000152 0.000181 0.25 0.20078 0.01251 0.0599 0.0056 0.08131 0.00369 4.7642 0.2821 1176 107 1228 67 1229 92 1228 67 100
28.1 209 87 0.42 0.000020 0.000020 0.65 0.12836 0.01334 0.0290 0.0034 0.06499 0.00297 10.6295 0.5042 578 68 580 26 774 99 774 99 75
29.1 856 755 0.88 0.000083 0.000056 0.31 0.25428 0.00692 0.0581 0.0018 0.08607 0.00139 4.9584 0.0635 1142 35 1184 14 1340 32 1340 32 89
30.1 147 217 1.47 0.000510 0.000346 0.12 0.43019 0.01522 0.0311 0.0016 0.05485 0.00586 9.3927 0.3066 620 31 652 20 406 259 652 20 160
31.1 365 392 1.08 0.000074 0.000060 0.18 0.29716 0.00646 0.0464 0.0014 0.07302 0.00171 5.9554 0.1080 916 27 1001 17 1015 48 1001 17 99
32.1 189 115 0.61 0.000178 0.000091 0.48 0.16638 0.00836 0.0733 0.0047 0.09198 0.00300 3.7313 0.1292 1429 88 1531 47 1467 63 1467 63 105
33.1 339 923 2.72 0.000184 0.000195 0.57 0.83917 0.01818 0.0279 0.0011 0.06127 0.00358 11.0611 0.3155 556 22 558 15 649 131 558 15 86
34.1 427 760 1.78 0.000020 0.000020 -0.25 0.53148 0.01081 0.0262 0.0011 0.05579 0.00144 11.3889 0.3776 524 22 543 17 444 59 541 17 122
35.1 433 142 0.33 0.000147 0.000055 0.38 0.08399 0.00699 0.0375 0.0035 0.07297 0.00146 6.8542 0.2230 744 68 878 27 1013 41 1013 41 87
36.1 241 149 0.62 0.000292 0.000616 0.64 0.16348 0.01150 0.0236 0.0020 0.06014 0.00973 11.2327 0.4803 471 40 550 23 609 395 550 23 91
37.1 55 57 1.04 0.000076 0.000102 0.80 0.25903 0.01666 0.1609 0.0167 0.26945 0.00514 1.5423 0.1068 3015 293 3222 178 3303 30 3303 30 98
38.1 317 217 0.68 0.000028 0.000024 0.29 0.17955 0.00643 0.0883 0.0037 0.11679 0.00176 2.9701 0.0506 1711 68 1871 28 1908 27 1908 27 98
39.1 170 163 0.96 0.000020 0.000020 0.08 0.28997 0.01163 0.0480 0.0025 0.07103 0.00200 6.3246 0.1625 948 47 946 23 958 59 946 23 99
40.1 84 94 1.12 0.000803 0.000702 0.45 0.32402 0.01954 0.0336 0.0031 0.05520 0.01151 8.6184 0.5154 669 60 708 40 420 420 708 40 167
41.1 559 248 0.44 0.000397 0.000120 0.77 0.13329 0.00468 0.0300 0.0012 0.06441 0.00220 10.0294 0.1625 597 24 613 9 755 74 755 74 81
42.1 168 155 0.92 0.000577 0.000366 0.46 0.27672 0.01561 0.0285 0.0018 0.05514 0.00620 10.5490 0.2936 567 36 584 16 418 273 584 16 139
43.1 227 142 0.62 0.000145 0.000103 0.11 0.17874 0.00780 0.0558 0.0028 0.07676 0.00260 5.1497 0.1057 1097 53 1144 22 1115 69 1144 22 103
44.1 150 93 0.62 0.000020 0.000020 0.21 0.18245 0.00995 0.0289 0.0019 0.06158 0.00226 10.2045 0.3001 576 36 603 17 659 81 603 17 92
45.1 548 209 0.38 0.001233 0.000242 2.30 0.09637 0.00579 0.0197 0.0012 0.05984 0.00419 12.7883 0.1980 395 24 485 7 598 159 485 7 81
46.1 337 116 0.34 0.000080 0.000098 0.21 0.09734 0.00689 0.0520 0.0044 0.07639 0.00221 5.4516 0.2086 1025 84 1086 38 1105 59 1086 38 98
47.1 400 257 0.64 0.000015 0.000021 0.74 0.16642 0.00917 0.1221 0.0079 0.27240 0.00222 2.1242 0.0620 2328 143 2487 60 3320 13 3320 13 75
Table 3.11. U-Th-Pb isotopic analyses of zircon from the Stairway Sandstone, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 527 274 0.52 0.000184 0.000128 0.78 0.14394 0.00578 0.0273 0.0015 0.06443 0.00256 10.1745 0.2977 544 29 604 17 756 86 756 86 80
49.1 174 54 0.31 0.000206 0.000212 0.60 0.07978 0.00784 0.0532 0.0058 0.08298 0.00396 4.8404 0.1861 1047 111 1211 43 1269 96 1211 43 96
50.1 96 63 0.66 0.000284 0.000112 0.90 0.15294 0.01973 0.1243 0.0173 0.19014 0.00676 1.8669 0.0858 2368 314 2765 104 2743 60 2743 60 101
51.1 515 600 1.17 0.001252 0.000604 1.58 0.34404 0.01381 0.0209 0.0010 0.05253 0.00973 14.1195 0.3484 418 20 441 11 308 375 308 375 142
52.1 475 343 0.72 0.000017 0.000038 0.56 0.20163 0.00837 0.0479 0.0025 0.07811 0.00180 5.8322 0.1566 946 48 1020 25 1150 46 1150 46 89
53.1 280 225 0.81 0.000028 0.000061 0.37 0.24114 0.01118 0.0314 0.0019 0.06403 0.00203 9.5403 0.3052 625 36 643 20 743 69 643 20 87
54.1 598 393 0.66 0.000090 0.000050 0.07 0.19653 0.01122 0.0292 0.0018 0.05919 0.00260 10.2282 0.1966 583 35 601 11 574 98 601 11 105
55.1 197 139 0.71 0.000175 0.000181 1.18 0.23451 0.02192 0.0321 0.0032 0.06804 0.00418 10.3519 0.3135 638 63 594 17 870 133 594 17 69
56.1 197 178 0.90 0.000167 0.000170 0.31 0.26512 0.02885 0.0275 0.0033 0.05960 0.00419 10.6987 0.5277 548 66 576 27 589 160 576 27 98
57.1 166 248 1.49 0.000044 0.000057 0.36 0.45080 0.01358 0.0579 0.0029 0.07997 0.00314 5.2198 0.1759 1138 55 1130 35 1196 80 1130 35 95
58.1 434 79 0.18 0.000447 0.000226 0.65 0.04033 0.00822 0.0182 0.0038 0.05680 0.00408 12.2094 0.3466 365 75 507 14 484 167 507 14 105
59.1 224 180 0.80 0.000596 0.000282 1.21 0.23265 0.01185 0.0973 0.0061 0.11305 0.00535 2.9750 0.0905 1876 112 1868 50 1849 88 1849 88 101
60.1 513 308 0.60 0.001863 0.000294 3.44 0.14792 0.00833 0.0180 0.0011 0.06041 0.00484 13.6769 0.2467 361 22 455 8 618 183 618 183 74
61.1 264 184 0.70 0.000086 0.000079 0.37 0.18444 0.00654 0.0858 0.0039 0.11094 0.00221 3.0815 0.0758 1665 73 1812 39 1815 37 1815 37 100
62.1 572 252 0.44 0.000044 0.000055 0.45 0.12528 0.00589 0.0264 0.0016 0.06257 0.00178 10.7878 0.3282 527 31 571 17 694 62 694 62 83
63.1 114 115 1.01 0.000364 0.000242 0.83 0.27611 0.01601 0.0843 0.0079 0.11237 0.00480 3.2469 0.2004 1636 147 1731 94 1838 79 1838 79 94
64.1 251 372 1.48 0.000439 0.000171 0.89 0.40300 0.00959 0.0715 0.0050 0.08885 0.00328 3.8030 0.2151 1396 95 1505 76 1401 72 1401 72 108
66.1 327 457 1.40 0.000025 0.000015 0.09 0.41311 0.01363 0.0243 0.0010 0.05790 0.00240 12.1480 0.2868 486 21 510 12 526 93 510 12 97
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 225 182 0.81 0.000020 0.000009 0.08 0.24596 0.00551 0.0275 0.0008 0.05926 0.00106 11.0676 0.1833 548 16 558 9 576 39 558 9 109
2.1 151 234 1.55 0.000020 0.000020 0.02 0.47288 0.01371 0.0273 0.0013 0.05011 0.00550 11.1969 0.3453 544 25 551 16 200 237 551 16 97
3.1 59 15 0.26 0.000584 0.000345 0.17 0.07623 0.00636 0.0432 0.0043 0.07042 0.00197 6.6977 0.3119 855 84 897 39 941 58 897 39 273
4.1 232 121 0.52 0.000020 0.000020 0.17 0.15955 0.00742 0.0245 0.0013 0.05329 0.00234 12.4747 0.3074 489 26 497 12 341 103 497 12 96
5.1 349 315 0.90 0.000368 0.000122 0.03 0.26622 0.00705 0.0914 0.0039 0.09883 0.00152 3.2273 0.0948 1769 72 1740 45 1602 29 1602 29 145
7.1 253 208 0.82 0.000556 0.000163 0.89 0.21374 0.00602 0.0290 0.0010 0.06704 0.00296 8.9314 0.1555 578 20 684 11 839 95 839 95 82
8.1 575 218 0.38 0.000082 0.000042 0.06 0.11832 0.00378 0.0470 0.0017 0.06850 0.00132 6.6465 0.1120 929 33 904 14 884 41 904 14 102
9.1 249 83 0.33 0.000107 0.000081 0.17 0.07918 0.00301 0.0702 0.0038 0.10531 0.00160 3.3901 0.1078 1371 71 1666 47 1720 28 1720 28 97
10.1 59 43 0.72 0.000127 0.000110 -0.20 0.22918 0.01350 0.0301 0.0022 0.05582 0.00326 10.5246 0.3728 600 43 585 20 445 135 583 20 131
11.1 1001 470 0.47 0.001804 0.000174 2.89 0.15550 0.00640 0.0211 0.0009 0.06517 0.00298 15.6825 0.1978 423 18 398 5 780 99 780 99 51
12.1 163 121 0.74 0.000020 0.000020 -0.12 0.21535 0.00624 0.0835 0.0032 0.10060 0.00123 3.4729 0.0738 1621 60 1631 31 1635 23 1635 23 100
13.1 305 228 0.75 0.000097 0.000061 -0.07 0.22640 0.00595 0.0283 0.0009 0.05780 0.00185 10.7112 0.1425 563 17 575 7 522 72 575 7 101
14.1 254 154 0.61 0.000053 0.000066 0.15 0.17978 0.00925 0.0235 0.0013 0.05690 0.00179 12.6243 0.2087 470 26 491 8 488 71 491 8 110
15.1 218 143 0.66 0.000115 0.000076 0.05 0.19608 0.00750 0.0283 0.0013 0.05817 0.00252 10.5752 0.2223 564 25 582 12 536 98 582 12 109
16.1 424 73 0.17 0.000360 0.000228 0.85 0.04401 0.00522 0.0205 0.0025 0.05970 0.00386 12.4682 0.2399 410 49 497 9 593 147 497 9 84
17.1 131 260 1.99 0.000134 0.000192 -0.01 0.59995 0.01356 0.0311 0.0010 0.05871 0.00324 9.7141 0.1826 618 19 632 11 557 125 630 11 113
18.1 279 149 0.54 0.000016 0.000011 0.03 0.15213 0.00461 0.0905 0.0036 0.10921 0.00118 3.1398 0.0680 1752 67 1782 34 1786 20 1786 20 100
19.1 608 323 0.53 0.001861 0.000176 2.98 0.15706 0.00352 0.0247 0.0007 0.07257 0.00287 11.9895 0.1332 492 13 516 6 1002 83 1002 83 52
20.1 166 178 1.07 0.000020 0.000020 0.03 0.29279 0.00515 0.0848 0.0023 0.10253 0.00121 3.2198 0.0586 1646 44 1744 28 1670 22 1670 22 104
21.1 107 109 1.03 0.000020 0.000020 0.29 0.30051 0.01062 0.0252 0.0013 0.06043 0.00186 11.6050 0.3953 503 26 533 17 619 68 533 17 86
22.1 177 669 3.78 0.000531 0.000554 0.29 1.10861 0.04108 0.0257 0.0012 0.05307 0.00874 11.4352 0.3089 513 24 540 14 332 336 540 14 162
23.1 296 222 0.75 0.000001 0.000001 0.00 0.21168 0.00451 0.0627 0.0016 0.08731 0.00102 4.5097 0.0545 1229 31 1291 14 1367 23 1367 23 94
24.1 261 162 0.62 0.000020 0.000020 0.06 0.17741 0.00585 0.0227 0.0010 0.05725 0.00167 12.5767 0.3257 454 21 493 12 501 66 493 12 98
25.1 490 205 0.42 0.000020 0.000020 0.13 0.12796 0.00416 0.0309 0.0011 0.06141 0.00087 9.8895 0.0956 615 21 621 6 654 31 621 6 95
26.1 188 102 0.54 0.000021 0.000020 0.03 0.15499 0.00508 0.0387 0.0018 0.07107 0.00142 7.3913 0.2059 768 35 818 21 959 42 959 42 85
27.1 275 310 1.13 0.000020 0.000020 0.16 0.31966 0.01015 0.0255 0.0011 0.05992 0.00166 11.0962 0.2584 509 21 556 12 601 61 556 12 93
28.1 451 388 0.86 0.000856 0.000242 1.80 0.14821 0.01230 0.0207 0.0019 0.06770 0.00507 8.3161 0.3458 415 38 732 29 859 164 732 29 86
29.1 114 10 0.09 0.000020 0.000020 0.03 0.02173 0.00482 0.0228 0.0052 0.06297 0.00174 10.8897 0.3415 456 103 566 17 707 60 707 60 80
30.1 330 82 0.25 0.000053 0.000051 0.09 0.07569 0.00412 0.0445 0.0026 0.07221 0.00155 6.8532 0.1316 881 51 878 16 992 44 992 44 89
31.1 255 233 0.91 0.000049 0.000038 0.08 0.26615 0.00825 0.0286 0.0011 0.05964 0.00134 10.2248 0.1796 569 21 602 10 591 49 602 10 102
32.1 635 760 1.20 0.000173 0.000048 0.28 0.34647 0.00434 0.0743 0.0017 0.09238 0.00100 3.8974 0.0657 1448 33 1472 22 1475 21 1475 21 100
33.1 328 113 0.34 0.000117 0.000143 0.04 0.10698 0.00444 0.0248 0.0012 0.05573 0.00249 12.5159 0.2203 496 23 496 8 442 103 496 8 112
34.1 333 296 0.89 0.000120 0.000072 0.05 0.26780 0.00648 0.0238 0.0008 0.05568 0.00176 12.6444 0.2314 476 15 491 9 440 72 491 9 111
35.1 85 133 1.55 0.000304 0.000222 0.33 0.47920 0.01963 0.0281 0.0018 0.05741 0.00393 10.9639 0.4449 561 35 563 22 507 158 563 22 111
36.1 297 155 0.52 0.000392 0.000137 0.58 0.16220 0.01105 0.0294 0.0022 0.05901 0.00382 10.5717 0.3034 586 43 583 16 567 148 583 16 103
37.1 307 70 0.23 0.000020 0.000020 0.16 0.06948 0.00679 0.0277 0.0029 0.06006 0.00232 10.9305 0.3147 552 57 564 16 606 86 564 16 93
38.1 123 110 0.89 0.000020 0.000018 0.38 0.24819 0.01866 0.0257 0.0023 0.06223 0.00451 10.8242 0.4356 514 44 570 22 682 163 570 22 84
39.1 498 345 0.69 0.000020 0.000020 0.16 0.20144 0.00873 0.0277 0.0013 0.06067 0.00215 10.5249 0.2098 551 26 585 11 627 78 585 11 93
40.1 104 73 0.70 0.000020 0.000020 0.03 0.20531 0.00913 0.0773 0.0041 0.09901 0.00137 3.7856 0.0936 1504 78 1511 33 1605 26 1605 26 94
41.1 344 16 0.05 0.000216 0.000167 0.10 0.01149 0.00382 0.0234 0.0078 0.05682 0.00297 10.7812 0.2364 467 155 572 12 485 120 572 12 118
42.1 765 92 0.12 0.000041 0.000029 0.07 0.03469 0.00248 0.0733 0.0053 0.09969 0.00082 3.9510 0.0403 1429 101 1454 13 1618 15 1618 15 90
43.1 308 52 0.17 0.000020 0.000020 0.15 0.03941 0.00699 0.0220 0.0039 0.06046 0.00223 10.6090 0.2265 439 78 581 12 620 82 581 12 94
44.1 294 28 0.10 0.002240 0.000326 3.58 0.05487 0.00775 0.0446 0.0064 0.06693 0.00577 12.7752 0.2744 883 125 486 10 835 191 835 191 58
45.1 605 160 0.26 0.000003 0.000003 0.19 0.07387 0.00307 0.0520 0.0025 0.07785 0.00086 5.3779 0.1074 1024 48 1099 20 1143 22 1099 20 96
46.1 361 210 0.58 0.000020 0.000020 0.28 0.16740 0.00608 0.0271 0.0012 0.06162 0.00149 10.6271 0.2390 541 23 580 12 661 53 580 12 88
47.1 185 89 0.48 0.000052 0.000050 0.11 0.14209 0.00532 0.0266 0.0011 0.05902 0.00144 11.0616 0.1905 531 23 558 9 568 54 558 9 98
Table 3.12. U-Th-Pb isotopic analyses of zircon from the Mereenie Sandstone, Amadeus Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
48.1 377 221 0.59 0.000020 0.000020 0.18 0.17165 0.00529 0.0256 0.0010 0.05972 0.00100 11.3927 0.2166 512 19 542 10 594 37 542 10 92
50.1 176 23 0.13 0.000020 0.000020 0.32 0.03634 0.00466 0.0367 0.0050 0.06791 0.00156 7.7433 0.2786 729 97 783 27 866 48 783 27 91
51.1 391 227 0.58 0.000139 0.000084 0.44 0.15563 0.00453 0.0418 0.0015 0.07218 0.00194 6.4262 0.1048 827 28 932 14 991 56 932 14 94
52.1 156 101 0.65 0.000037 0.000033 0.06 0.18060 0.00788 0.1420 0.0073 0.18952 0.00258 1.9717 0.0449 2684 129 2645 50 2738 23 2738 23 97
53.1 496 409 0.82 0.000690 0.000147 1.11 0.21863 0.00596 0.0339 0.0011 0.07695 0.00269 7.8164 0.1091 674 21 776 10 1120 71 1120 71 69
54.1 195 577 2.96 0.000340 0.000159 0.16 0.86014 0.02413 0.0273 0.0014 0.05577 0.00420 10.6544 0.4059 545 27 578 21 443 177 578 21 130
55.1 884 497 0.56 0.001161 0.000139 2.12 0.15076 0.00483 0.0224 0.0008 0.06015 0.00233 11.9532 0.1620 448 16 518 7 609 86 518 7 85
56.1 319 13 0.04 0.000015 0.000024 0.23 0.01022 0.00447 0.0230 0.0101 0.06095 0.00166 10.8328 0.2974 459 200 569 15 637 60 569 15 90
57.1 334 183 0.55 0.000138 0.000077 -0.21 0.16590 0.00461 0.0567 0.0023 0.07250 0.00168 5.3358 0.1331 1115 44 1107 25 1000 48 1107 25 110
58.1 123 72 0.58 0.000020 0.000020 0.03 0.15289 0.00981 0.1022 0.0077 0.13300 0.00303 2.5717 0.0871 1966 142 2117 61 2138 40 2138 40 99
59.1 109 149 1.37 0.000445 0.000205 0.11 0.39466 0.01174 0.0565 0.0029 0.07257 0.00391 5.1122 0.1846 1111 56 1152 38 1002 113 1152 38 114
60.1 173 181 1.05 0.000041 0.000041 0.07 0.28992 0.00655 0.0997 0.0053 0.11630 0.00205 2.7768 0.1131 1921 97 1983 70 1900 32 1900 32 104
61.1 268 172 0.64 0.000038 0.000037 0.18 0.18448 0.00700 0.0288 0.0014 0.06141 0.00138 9.9852 0.2615 574 28 615 15 653 49 615 15 94
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
1.1 159 188 1.18 0.000035 0.000022 0.05 0.33759 0.00509 0.1021 0.0024 0.12432 0.00141 2.8026 0.0436 1965 44 1967 26 2019 20 2019 20 97
2.1 217 380 1.75 0.000080 0.000043 -0.08 0.51558 0.00408 0.0594 0.0011 0.07749 0.00098 4.9707 0.0693 1166 21 1182 15 1134 25 1179 15 104
3.1 698 715 1.02 0.000138 0.000041 0.14 0.31113 0.00433 0.0234 0.0005 0.05579 0.00093 13.0079 0.1571 467 9 477 6 444 37 477 6 107
4.1 252 124 0.49 0.000107 0.000063 -0.04 0.15145 0.00325 0.0287 0.0007 0.05726 0.00127 10.7674 0.1232 571 14 573 6 502 50 571 6 114
5.1 83 44 0.53 0.000020 0.000020 0.05 0.16706 0.00600 0.0424 0.0017 0.06612 0.00180 7.4814 0.1213 840 33 809 12 810 58 809 12 100
6.1 376 188 0.50 0.000020 0.000020 0.18 0.14839 0.00294 0.0503 0.0013 0.07411 0.00099 5.9005 0.0755 992 24 1009 12 1044 27 1009 12 97
7.1 96 68 0.71 0.000020 0.000020 0.03 0.19469 0.00630 0.1420 0.0056 0.18068 0.00205 1.9345 0.0379 2683 100 2686 43 2659 19 2659 19 101
8.1 446 301 0.67 0.000036 0.000013 0.05 0.18115 0.00299 0.0907 0.0017 0.12235 0.00101 2.9609 0.0234 1754 32 1876 13 1991 15 1991 15 94
9.1 172 99 0.57 0.000129 0.000067 0.07 0.16404 0.00489 0.0532 0.0018 0.07489 0.00161 5.3792 0.0800 1047 35 1099 15 1066 44 1099 15 103
10.1 626 198 0.32 0.000018 0.000013 -0.04 0.10057 0.00435 0.0289 0.0013 0.05827 0.00129 10.9910 0.1443 577 26 561 7 540 49 561 7 104
11.1 273 90 0.33 0.000049 0.000022 -0.03 0.09884 0.00295 0.0599 0.0020 0.07828 0.00109 4.9827 0.0531 1176 37 1179 12 1154 28 1178 11 102
12.1 354 257 0.73 0.000020 0.000020 0.03 0.21296 0.00386 0.0761 0.0019 0.09242 0.00123 3.8471 0.0576 1482 36 1490 20 1476 25 1476 25 101
13.1 58 130 2.24 0.000243 0.000085 0.35 0.66643 0.01320 0.0299 0.0010 0.05972 0.00268 9.9500 0.2160 596 19 617 13 593 100 617 13 104
14.1 87 109 1.26 0.000211 0.000125 0.07 0.40085 0.00892 0.0312 0.0011 0.05743 0.00257 10.2153 0.2394 621 21 602 13 508 101 602 13 118
15.1 447 224 0.50 0.000914 0.000078 1.82 0.13140 0.00261 0.0503 0.0011 0.07976 0.00142 5.2249 0.0375 992 21 1129 7 1191 36 1129 7 95
16.1 219 162 0.74 0.001071 0.000173 1.82 0.22017 0.00468 0.0235 0.0006 0.05608 0.00293 12.7020 0.1524 469 12 489 6 456 120 489 6 107
17.1 124 95 0.77 0.000020 0.000020 0.17 0.23314 0.00855 0.0198 0.0009 0.05591 0.00159 15.3578 0.3055 395 17 407 8 449 65 407 8 91
18.1 403 45 0.11 0.000085 0.000036 -0.01 0.03634 0.00224 0.0293 0.0019 0.05742 0.00095 11.0871 0.1739 584 37 557 8 508 37 556 8 110
19.1 453 406 0.90 0.000041 0.000009 0.05 0.22818 0.00253 0.1298 0.0019 0.21253 0.00083 1.9606 0.0146 2467 33 2657 16 2925 6 2925 6 91
20.1 396 313 0.79 0.000045 0.000028 -0.05 0.24782 0.00569 0.0235 0.0006 0.05527 0.00145 13.3436 0.1582 470 12 466 5 423 60 465 5 110
21.1 344 341 0.99 0.000155 0.000041 0.35 0.29652 0.00418 0.0247 0.0005 0.05808 0.00102 12.1272 0.1672 493 10 511 7 533 39 511 7 96
22.1 111 103 0.92 0.000020 0.000020 0.03 0.26498 0.00557 0.0991 0.0034 0.11703 0.00154 2.8930 0.0660 1910 63 1914 38 1911 24 1911 24 100
23.1 61 63 1.02 0.000020 0.000020 0.00 0.30276 0.01060 0.0586 0.0027 0.07834 0.00185 5.0577 0.1317 1151 52 1163 28 1156 48 1163 28 101
24.1 186 150 0.80 0.000125 0.000055 0.03 0.22899 0.00385 0.0578 0.0015 0.07813 0.00112 4.9267 0.0834 1135 29 1191 18 1150 29 1191 18 103
25.1 174 135 0.78 0.000098 0.000033 0.17 0.24813 0.00491 0.0313 0.0008 0.05993 0.00114 10.2232 0.1408 623 16 602 8 601 42 602 8 100
26.1 473 153 0.32 0.000020 0.000020 0.09 0.09843 0.00281 0.0305 0.0010 0.06078 0.00094 9.9950 0.1096 607 19 615 6 631 34 615 6 97
27.1 161 59 0.37 0.000020 0.000020 0.03 0.10786 0.00307 0.0942 0.0030 0.11052 0.00104 3.1012 0.0324 1819 56 1802 16 1808 17 1808 17 100
28.1 72 103 1.43 0.000015 0.000009 -0.09 0.43188 0.00764 0.0576 0.0016 0.07602 0.00163 5.2524 0.1015 1132 31 1123 20 1096 44 1122 20 102
29.1 229 195 0.85 0.000020 0.000020 0.00 0.26369 0.00458 0.0315 0.0008 0.06030 0.00114 9.8402 0.1443 627 15 624 9 614 41 624 9 102
30.1 444 176 0.40 0.000020 0.000020 0.03 0.11527 0.00247 0.0850 0.0021 0.10049 0.00094 3.4178 0.0344 1649 39 1654 15 1633 18 1633 18 101
31.1 316 56 0.18 0.000058 0.000042 0.13 0.05403 0.00325 0.0285 0.0018 0.05949 0.00131 10.6902 0.1851 568 36 576 10 585 49 576 10 99
32.1 226 215 0.95 0.000282 0.000129 0.09 0.27375 0.00579 0.0219 0.0006 0.05304 0.00255 13.1908 0.1685 437 11 471 6 331 113 471 6 142
33.1 51 43 0.84 0.000732 0.000245 0.22 0.22681 0.00915 0.0401 0.0019 0.06017 0.00472 6.6995 0.1339 794 37 897 17 610 179 897 17 146
34.1 163 42 0.26 0.000020 0.000020 0.03 0.08813 0.00821 0.0325 0.0031 0.06774 0.00295 10.5722 0.2047 645 61 583 11 861 93 861 93 68
35.1 384 444 1.16 0.000057 0.000022 0.16 0.34318 0.00433 0.0291 0.0005 0.06048 0.00123 10.2079 0.0876 580 9 602 5 621 44 602 5 97
36.1 312 165 0.53 0.000041 0.000016 -0.13 0.16436 0.00436 0.0301 0.0009 0.05814 0.00148 10.2993 0.1430 599 18 597 8 535 57 596 8 111
38.1 164 248 1.51 0.000020 0.000020 0.40 0.46339 0.00703 0.0272 0.0006 0.06144 0.00174 11.2746 0.1443 542 11 548 7 655 62 655 62 84
39.1 284 144 0.51 0.000090 0.000032 0.00 0.15308 0.00345 0.0247 0.0007 0.05606 0.00111 12.1930 0.1488 494 13 508 6 455 45 507 6 112
40.1 246 250 1.02 0.000076 0.000030 0.12 0.31968 0.00439 0.0664 0.0012 0.08884 0.00139 4.7396 0.0481 1299 23 1234 11 1401 30 1401 30 88
41.1 200 88 0.44 0.000022 0.000018 0.20 0.13377 0.00575 0.0314 0.0014 0.06223 0.00115 9.6433 0.1207 624 28 636 8 682 40 636 8 93
42.1 376 176 0.47 0.000041 0.000020 0.06 0.13364 0.00232 0.0834 0.0016 0.09951 0.00070 3.4236 0.0276 1618 30 1652 12 1615 13 1615 13 102
43.1 127 105 0.83 0.000020 0.000020 0.04 0.21800 0.00876 0.0227 0.0010 0.06750 0.00126 11.5869 0.1400 453 19 534 6 853 39 853 39 63
44.1 207 236 1.14 0.000184 0.000065 -0.15 0.36777 0.01029 0.0208 0.0008 0.05081 0.00193 15.5083 0.3288 415 15 403 8 232 90 401 8 173
44.2 202 145 0.72 0.000020 0.000020 0.10 0.21773 0.00401 0.0190 0.0005 0.05498 0.00082 15.9659 0.2332 381 9 392 6 411 34 392 6 95
44.3 203 219 1.08 0.000020 0.000020 0.12 0.34197 0.00619 0.0209 0.0005 0.05564 0.00083 15.2013 0.1899 418 10 411 5 438 34 411 5 94
45.1 582 241 0.41 0.000009 0.000005 0.01 0.12136 0.00180 0.0805 0.0016 0.09739 0.00048 3.6362 0.0381 1565 29 1566 15 1575 9 1575 9 100
Table 3.13. U-Th-Pb isotopic analyses of zircon from the Dulcie Sandstone, Georgina Basin
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± Inferred age ± % concordant
Apparent Ages (Ma)
46.1 92 55 0.60 0.000527 0.000231 0.33 0.18662 0.00656 0.0204 0.0008 0.04975 0.00393 15.3581 0.2545 407 17 407 7 183 182 407 7 221
47.1 256 278 1.09 0.000029 0.000009 0.05 0.30841 0.00297 0.0754 0.0013 0.09708 0.00083 3.7708 0.0450 1468 24 1516 16 1569 16 1569 16 97
48.1 235 115 0.49 0.000150 0.000062 0.02 0.15126 0.00554 0.0259 0.0011 0.05566 0.00131 11.9717 0.1934 517 21 517 8 439 53 517 8 118
49.1 86 65 0.76 0.000022 0.000011 -0.19 0.23883 0.00629 0.0637 0.0023 0.07754 0.00193 4.9367 0.1018 1248 43 1189 22 1135 50 1187 22 105
50.1 147 86 0.59 0.000030 0.000016 0.28 0.16662 0.00632 0.0507 0.0021 0.07659 0.00164 5.6017 0.0888 1000 41 1059 16 1111 43 1059 16 96
51.1 259 125 0.48 0.000020 0.000020 0.05 0.14449 0.00386 0.0279 0.0009 0.05934 0.00090 10.7271 0.1759 556 18 575 9 580 33 575 9 99
52.1 358 252 0.71 0.000142 0.000047 0.09 0.18006 0.00603 0.0492 0.0019 0.07630 0.00162 5.1877 0.0737 971 37 1136 15 1103 43 1136 15 103
53.1 206 115 0.56 0.000058 0.000017 0.30 0.16463 0.00405 0.0575 0.0017 0.08003 0.00087 5.1079 0.0717 1131 33 1153 15 1198 22 1153 15 96
54.1 579 119 0.21 0.000026 0.000016 0.15 0.04635 0.00156 0.0394 0.0014 0.07489 0.00060 5.7079 0.0430 781 27 1041 7 1066 16 1041 7 98
55.1 136 171 1.26 0.000028 0.000015 0.09 0.37864 0.00771 0.0579 0.0023 0.07802 0.00120 5.1847 0.1470 1138 44 1137 30 1147 31 1137 30 99
56.1 380 282 0.74 0.000050 0.000015 -0.12 0.21863 0.00428 0.0549 0.0014 0.07436 0.00128 5.3736 0.0775 1079 27 1100 15 1051 35 1098 14 105
57.1 1085 102 0.09 0.000010 0.000009 0.02 0.02716 0.00141 0.0269 0.0014 0.05924 0.00052 10.7406 0.0632 536 28 574 3 576 19 574 3 100
58.1 397 321 0.81 0.000013 0.000007 0.08 0.24925 0.00472 0.0239 0.0006 0.05720 0.00137 12.8984 0.1759 477 12 481 6 499 54 481 6 97
59.1 390 247 0.63 0.000061 0.000024 0.03 0.20160 0.00445 0.0206 0.0006 0.05408 0.00135 15.4598 0.1962 412 11 404 5 374 57 404 5 108
60.1 182 154 0.84 0.000338 0.000138 0.18 0.26694 0.00522 0.0197 0.0005 0.05093 0.00240 16.0850 0.2053 395 10 389 5 238 112 389 5 163
61.1 194 111 0.57 0.000113 0.000034 -0.01 0.15983 0.00471 0.0283 0.0009 0.05866 0.00152 9.9311 0.0986 563 18 618 6 555 58 617 6 111
62.1 161 65 0.40 0.000303 0.000096 0.17 0.12334 0.00353 0.0299 0.0010 0.05689 0.00177 10.2604 0.1438 595 20 600 8 487 70 600 8 123
63.1 58 126 2.18 0.000020 0.000020 -0.19 0.62313 0.01396 0.0535 0.0017 0.07442 0.00182 5.3455 0.1008 1053 32 1106 19 1053 50 1103 19 105
64.1 270 84 0.31 0.000128 0.000054 0.22 0.09355 0.00291 0.0264 0.0010 0.05822 0.00111 11.4256 0.1692 527 19 541 8 538 42 541 8 101
65.1 280 277 0.99 0.000107 0.000058 -0.05 0.30171 0.00385 0.0300 0.0006 0.05809 0.00126 10.1452 0.1469 598 13 606 8 533 48 605 8 113
66.1 120 334 2.77 0.000109 0.000038 0.46 0.80940 0.01046 0.0551 0.0012 0.07908 0.00126 5.3020 0.0810 1085 23 1114 16 1174 32 1114 16 95
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 258 92 0.36 0.000141 0.000052 0.24 0.10454 0.00238 0.0589 0.0016 0.07970 0.00106 4.9733 0.0624 1157 30 1181 14 1190 26 99 1181 14
2.1 217 153 0.71 0.000055 0.000025 0.09 0.20454 0.00198 0.0918 0.0022 0.10919 0.00160 3.1555 0.0568 1775 40 1775 28 1786 27 99 1786 27
3.1 154 135 0.88 0.000090 0.000037 0.14 0.26407 0.00315 0.0823 0.0023 0.09537 0.00184 3.6519 0.0796 1599 43 1560 30 1535 37 102 1535 37
4.1 297 120 0.40 0.000064 0.000043 0.11 0.12193 0.00213 0.0642 0.0013 0.08361 0.00091 4.7107 0.0261 1257 25 1241 6 1284 21 97 1241 6
5.1 282 245 0.87 0.000073 0.000020 0.12 0.25544 0.00270 0.0643 0.0013 0.08226 0.00085 4.5624 0.0647 1259 24 1278 16 1252 20 102 1276 16
6.1 88 105 1.19 0.000061 0.000038 0.10 0.35800 0.00626 0.0791 0.0024 0.09346 0.00158 3.8098 0.0843 1539 45 1503 30 1497 32 100 1497 32
7.1 128 130 1.01 0.000819 0.000237 1.39 0.34933 0.01121 0.0623 0.0032 0.07419 0.00457 5.5174 0.1805 1222 60 1074 32 1047 130 103 1074 32
8.1 188 97 0.52 0.000097 0.000030 0.15 0.15290 0.00266 0.0898 0.0022 0.10724 0.00126 3.2870 0.0477 1738 41 1712 22 1753 22 98 1753 22
9.1 74 68 0.91 0.000322 0.000128 0.51 0.26334 0.00634 0.0802 0.0045 0.09691 0.00274 3.5927 0.1555 1559 84 1583 61 1565 54 101 1565 54
10.1 74 56 0.75 0.000010 0.000020 0.02 0.23192 0.00558 0.0805 0.0030 0.09898 0.00340 3.8861 0.0918 1565 56 1476 31 1605 66 93 1605 66
11.1 390 165 0.42 0.000088 0.000029 0.15 0.12784 0.00328 0.0529 0.0016 0.07325 0.00072 5.7069 0.0672 1042 31 1041 11 1021 20 102 1041 11
12.1 137 136 0.99 0.000001 0.000001 0.00 0.28594 0.00436 0.0762 0.0025 0.09730 0.00197 3.7933 0.0923 1484 46 1508 33 1573 38 96 1573 38
13.1 114 114 0.99 0.000016 0.000007 0.03 0.29821 0.00497 0.0679 0.0026 0.08846 0.00135 4.4320 0.1309 1329 49 1312 35 1393 30 95 1393 30
14.1 159 90 0.57 0.000043 0.000033 0.07 0.16906 0.00272 0.0802 0.0022 0.09588 0.00124 3.7127 0.0724 1558 41 1537 27 1545 25 100 1545 25
15.1 294 480 1.63 0.000004 0.000002 0.01 0.47267 0.00354 0.0976 0.0026 0.11258 0.00086 2.9649 0.0620 1883 47 1874 34 1842 14 102 1842 14
16.1 139 99 0.71 0.000025 0.000013 0.03 0.19859 0.00187 0.1421 0.0026 0.17945 0.00111 1.9648 0.0263 2685 46 2652 29 2648 10 100 2648 10
17.1 97 75 0.78 0.000231 0.000106 0.37 0.22669 0.00641 0.0761 0.0029 0.09071 0.00270 3.8207 0.0845 1482 54 1499 30 1441 58 104 1441 58
18.1 87 157 1.81 0.000353 0.000154 0.58 0.51712 0.00941 0.0670 0.0026 0.08615 0.00348 4.2723 0.1241 1310 49 1356 36 1341 80 101 1356 36
19.1 146 90 0.61 0.000186 0.000075 0.31 0.17712 0.00381 0.0674 0.0024 0.08864 0.00184 4.2888 0.1019 1317 45 1351 29 1396 40 97 1351 29
20.1 164 211 1.29 0.000228 0.000066 0.36 0.38325 0.00568 0.0807 0.0020 0.09780 0.00207 3.6942 0.0636 1568 37 1544 24 1583 40 98 1583 40
21.1 1226 220 0.18 0.000239 0.000051 0.41 0.05362 0.00245 0.0454 0.0022 0.07404 0.00104 6.5824 0.0757 898 42 912 10 1043 29 87 1043 29
22.1 455 433 0.95 0.000254 0.000048 0.41 0.28540 0.00378 0.0666 0.0013 0.09175 0.00099 4.5040 0.0521 1303 24 1293 14 1462 21 88 1462 21
23.1 190 56 0.30 0.000082 0.000026 0.14 0.08592 0.00195 0.0560 0.0019 0.07997 0.00122 5.2008 0.1065 1101 36 1134 21 1196 30 95 1134 21
24.1 389 175 0.45 0.000074 0.000016 0.11 0.12581 0.00115 0.1046 0.0017 0.12719 0.00094 2.6713 0.0261 2011 31 2050 17 2059 13 100 2059 13
25.1 73 102 1.41 0.000358 0.000107 0.58 0.40137 0.01078 0.0755 0.0042 0.09288 0.00264 3.7810 0.1535 1471 79 1513 55 1485 55 102 1485 55
26.1 135 52 0.38 0.000312 0.000086 0.48 0.10743 0.00359 0.0879 0.0035 0.11597 0.00228 3.2025 0.0439 1703 64 1752 21 1895 36 92 1895 36
27.1 89 87 0.98 0.000198 0.000132 0.31 0.28405 0.00606 0.0954 0.0045 0.10532 0.00237 3.0332 0.1089 1841 84 1837 58 1720 42 107 1720 42
28.1 295 185 0.63 0.000010 0.000005 0.02 0.18983 0.00312 0.0764 0.0025 0.09655 0.00126 3.9623 0.0922 1488 46 1451 30 1558 25 93 1558 25
29.1 392 106 0.27 0.000095 0.000025 0.15 0.07478 0.00177 0.0742 0.0022 0.10876 0.00080 3.7171 0.0489 1447 40 1536 18 1779 14 86 1779 14
30.1 254 408 1.61 0.000160 0.000056 0.27 0.47629 0.00637 0.0596 0.0016 0.07700 0.00112 4.9577 0.0996 1171 31 1184 22 1121 29 105 1181 22
31.1 368 153 0.42 0.000046 0.000014 0.08 0.12524 0.00163 0.0537 0.0013 0.07672 0.00080 5.6069 0.0904 1057 24 1058 16 1114 21 95 1058 16
32.1 56 67 1.20 0.000020 0.000020 0.03 0.35699 0.01203 0.0905 0.0045 0.11532 0.00363 3.2894 0.1031 1752 83 1711 47 1885 58 91 1885 58
33.1 79 104 1.31 0.000198 0.000120 0.32 0.38062 0.00728 0.0708 0.0027 0.09178 0.00256 4.1042 0.1140 1382 50 1406 35 1463 54 96 1463 54
34.1 363 202 0.56 0.000066 0.000016 0.11 0.15796 0.00171 0.0753 0.0016 0.09312 0.00097 3.7744 0.0584 1468 30 1515 21 1490 20 102 1490 20
35.1 368 358 0.97 0.000039 0.000014 0.06 0.27475 0.00221 0.0838 0.0012 0.10574 0.00118 3.3682 0.0334 1627 22 1676 15 1727 21 97 1727 21
36.1 96 75 0.78 0.000041 0.000018 0.06 0.22332 0.00586 0.0907 0.0042 0.11363 0.00295 3.1410 0.1028 1755 78 1782 51 1858 48 96 1858 48
37.1 19 38 2.00 0.000584 0.000351 0.90 0.55489 0.01885 0.0918 0.0048 0.11231 0.00658 3.0222 0.1033 1776 90 1843 55 1837 110 100 1837 110
38.1 166 65 0.39 0.000137 0.000036 0.22 0.11108 0.00308 0.0852 0.0030 0.10262 0.00160 3.3105 0.0610 1653 55 1702 28 1672 29 102 1672 29
39.1 663 159 0.24 0.000018 0.000011 0.03 0.06865 0.00201 0.0509 0.0016 0.07592 0.00092 5.6420 0.0548 1003 31 1052 9 1093 24 96 1052 9
40.1 75 27 0.36 0.000280 0.000093 0.46 0.10677 0.00571 0.0660 0.0043 0.09253 0.00199 4.4964 0.1347 1291 81 1295 35 1478 41 88 1478 41
41.1 639 124 0.19 0.000062 0.000025 0.11 0.05651 0.00116 0.0539 0.0013 0.07433 0.00112 5.4191 0.0608 1060 25 1092 11 1050 31 104 1090 11
42.1 242 118 0.49 0.000102 0.000044 0.16 0.13731 0.00210 0.0870 0.0026 0.10875 0.00096 3.2448 0.0724 1687 49 1732 34 1779 16 97 1779 16
43.1 309 166 0.54 0.000104 0.000025 0.17 0.14472 0.00201 0.0772 0.0030 0.10220 0.00157 3.4983 0.1091 1502 56 1621 45 1665 29 97 1665 29
44.1 279 257 0.92 0.000038 0.000027 0.06 0.26942 0.00367 0.0595 0.0017 0.07791 0.00117 4.9098 0.1062 1168 32 1195 24 1145 30 104 1192 24
45.1 934 221 0.24 0.000074 0.000027 0.12 0.06693 0.00187 0.0443 0.0014 0.07610 0.00082 6.3913 0.0690 876 27 937 9 1098 22 85 1098 22
46.1 508 183 0.36 0.000105 0.000033 0.17 0.10135 0.00208 0.0667 0.0019 0.09008 0.00095 4.2324 0.0698 1305 35 1367 20 1427 20 96 1427 20
47.1 684 1568 2.29 0.000127 0.000046 0.21 0.75370 0.00747 0.0531 0.0011 0.07620 0.00143 6.1931 0.0936 1046 20 965 14 1100 38 88 1100 38
48.1 92 58 0.63 0.000178 0.000175 0.29 0.16257 0.00874 0.0698 0.0055 0.08853 0.00330 3.7117 0.1624 1364 104 1538 60 1394 73 110 1394 73
49.1 108 104 0.96 0.000099 0.000047 0.16 0.26788 0.00399 0.0827 0.0040 0.10686 0.00193 3.3666 0.1311 1605 74 1677 58 1747 34 96 1747 34
50.1 40 32 0.81 0.000992 0.000219 1.62 0.20379 0.01141 0.0722 0.0053 0.08833 0.00406 3.4992 0.1385 1409 100 1620 57 1390 91 117 1390 91
51.1 77 46 0.60 0.000229 0.000084 0.37 0.16945 0.00900 0.0696 0.0042 0.09796 0.00245 4.0712 0.0909 1360 80 1416 28 1586 47 89 1586 47
52.1 210 199 0.95 0.000121 0.000048 0.19 0.26853 0.00323 0.0794 0.0018 0.09952 0.00117 3.5723 0.0545 1545 34 1591 22 1615 22 99 1615 22
53.1 353 282 0.80 0.000165 0.000052 0.28 0.23828 0.00304 0.0537 0.0011 0.07669 0.00155 5.5515 0.0739 1057 21 1068 13 1113 41 96 1068 13
Table 4.1. U-Th-Pb isotopic analyses of zircon from the lower Stanovos Gneiss, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
54.1 169 118 0.70 0.000145 0.000093 0.25 0.19896 0.00439 0.0540 0.0016 0.07799 0.00189 5.2725 0.0785 1064 31 1120 15 1147 49 98 1120 15
55.1 65 42 0.65 0.000417 0.000182 0.67 0.19079 0.00792 0.0764 0.0049 0.09497 0.00335 3.8298 0.1561 1488 91 1496 55 1527 68 98 1527 68
56.1 168 91 0.54 0.000020 0.000020 0.03 0.15763 0.00258 0.0770 0.0022 0.09936 0.00150 3.7806 0.0767 1499 41 1513 27 1612 28 94 1612 28
57.1 706 484 0.68 0.000047 0.000016 0.08 0.19171 0.00311 0.0669 0.0014 0.09104 0.00061 4.1982 0.0431 1309 26 1377 13 1448 13 96 1448 13
58.1 194 65 0.34 0.000090 0.000041 0.13 0.08683 0.00300 0.1171 0.0049 0.16891 0.00124 2.2022 0.0430 2238 88 2413 39 2547 12 95 2547 12
59.1 235 164 0.70 0.000064 0.000019 0.10 0.19627 0.00367 0.0685 0.0021 0.09645 0.00108 4.1009 0.0830 1339 40 1407 26 1556 21 90 1556 21
60.1 192 72 0.38 0.000030 0.000015 0.05 0.10758 0.00175 0.0845 0.0019 0.11636 0.00117 3.3695 0.0360 1640 35 1675 16 1901 18 88 1901 18
61.1 536 147 0.27 0.000264 0.000035 0.42 0.07255 0.00271 0.0542 0.0022 0.10353 0.00095 4.8718 0.0645 1066 42 1204 15 1688 17 71 1688 17
62.1 104 45 0.43 0.000091 0.000053 0.16 0.14732 0.00533 0.0587 0.0027 0.07998 0.00190 5.9260 0.1471 1153 51 1005 23 1196 48 85 1196 48
63.1 244 195 0.80 0.000111 0.000077 0.19 0.22608 0.00661 0.0538 0.0024 0.07932 0.00206 5.2773 0.1470 1059 45 1119 29 1180 52 95 1119 29
64.1 496 368 0.74 0.000140 0.000036 0.23 0.22822 0.00219 0.0602 0.0015 0.08944 0.00083 5.1004 0.1001 1182 29 1154 21 1414 18 82 1414 18
66.1 171 190 1.11 0.000433 0.000121 0.74 0.31533 0.00660 0.0495 0.0015 0.07149 0.00263 5.7186 0.1070 977 29 1039 18 971 77 107 1039 18
67.1 196 154 0.78 0.000085 0.000044 0.14 0.21906 0.00270 0.0763 0.0025 0.09802 0.00112 3.6637 0.0909 1486 47 1556 34 1587 21 98 1587 21
68.1 358 65 0.18 0.000052 0.000045 0.08 0.04966 0.00176 0.0748 0.0028 0.10179 0.00107 3.6784 0.0347 1459 53 1550 13 1657 20 94 1657 20
69.1 231 92 0.40 0.000113 0.000032 0.18 0.10846 0.00191 0.0767 0.0029 0.10334 0.00198 3.5704 0.0992 1493 55 1592 39 1685 36 95 1685 36
70.1 385 67 0.17 0.000077 0.000022 0.12 0.04670 0.00162 0.0819 0.0033 0.12133 0.00179 3.2667 0.0564 1591 61 1722 26 1976 26 87 1976 26
Overgrowths
        S1.1 331 80 0.24 0.000024 0.000020 -0.22 0.07976 0.00315 0.0242 0.0010 0.05419 0.00098 13.6290 0.1418 483 20 456 5 379 41 120
        S2.1 535 71 0.13 0.000009 0.000006 -0.09 0.04140 0.00161 0.0227 0.0009 0.05549 0.00051 13.8550 0.1174 453 18 449 4 432 21 104
        S3.1 439 114 0.26 0.000026 0.000013 -0.04 0.08469 0.00295 0.0239 0.0009 0.05564 0.00066 13.6860 0.1152 478 17 455 4 438 26 104
        S4.1 277 68 0.25 0.000033 0.000023 0.01 0.07545 0.00290 0.0227 0.0009 0.05592 0.00079 13.5570 0.1190 453 18 459 4 449 32 102
        S5.1 416 74 0.18 0.000010 0.000020 0.00 0.05608 0.00242 0.0232 0.0010 0.05617 0.00072 13.6750 0.1210 464 20 455 4 459 29 99
        S6.1 334 83 0.25 0.000009 0.000008 -0.06 0.08037 0.00333 0.0217 0.0010 0.05572 0.00107 14.8430 0.2020 434 19 420 6 441 43 95
        S7.1 293 71 0.24 0.000041 0.000034 0.05 0.07454 0.00315 0.0220 0.0010 0.05608 0.00101 14.0120 0.1699 439 19 444 5 456 40 98
        S8.1 630 84 0.13 0.000006 0.000007 -0.08 0.04387 0.00199 0.0242 0.0011 0.05556 0.00060 13.5680 0.1215 483 22 458 4 435 24 105
        S9.1 537 79 0.15 0.000020 0.000020 0.03 0.04719 0.00219 0.0229 0.0011 0.05625 0.00069 13.9740 0.1061 458 21 446 3 462 27 96
       S10.1 623 88 0.14 0.000020 0.000020 0.00 0.04436 0.00188 0.0228 0.0010 0.05602 0.00072 13.8200 0.1005 455 19 450 3 453 29 99
       S11.1 302 61 0.20 0.000053 0.000072 -0.19 0.06761 0.00256 0.0238 0.0010 0.05402 0.00138 14.1120 0.1824 476 19 441 6 372 58 118
       S12.1 429 120 0.28 0.000047 0.000023 0.05 0.08957 0.00392 0.0232 0.0010 0.05606 0.00136 13.8290 0.0939 463 20 450 3 455 55 99
       S13.1 352 85 0.24 0.000020 0.000020 -0.09 0.07340 0.00395 0.0218 0.0012 0.05526 0.00126 13.8730 0.1841 436 24 449 6 423 52 106
       S14.1 461 86 0.19 0.000017 0.000016 -0.11 0.05962 0.00276 0.0237 0.0012 0.05519 0.00090 13.4230 0.1559 474 23 463 5 420 37 110
       S15.1 427 60 0.14 0.000049 0.000036 -0.05 0.04741 0.00214 0.0249 0.0012 0.05519 0.00088 13.6440 0.1175 496 23 456 4 420 36 108
       S16.1 530 62 0.12 0.000015 0.000016 -0.11 0.04068 0.00189 0.0253 0.0012 0.05522 0.00065 13.6800 0.1321 505 24 455 4 421 27 108
       S17.1 533 77 0.14 0.000055 0.000025 0.03 0.04416 0.00265 0.0226 0.0014 0.05573 0.00093 13.5190 0.1601 453 28 460 5 442 38 104
       S18.1 448 82 0.18 0.000020 0.000020 -0.14 0.06094 0.00329 0.0237 0.0013 0.05493 0.00120 14.0330 0.1257 473 26 444 4 409 50 108
       S19.1 573 77 0.13 0.000010 0.000000 0.08 0.03947 0.00291 0.0215 0.0016 0.05680 0.00097 13.6510 0.1373 430 32 456 4 484 38 94
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
3.2 307 163 0.53 0.000033 0.000016 0.13 0.15563 0.00437 0.0589 0.0020 0.08009 0.00149 4.9721 0.0772 1156 38 1181 17 1199 37 99 1181 17
4.2 103 43 0.42 0.000769 0.000452 1.16 0.12304 0.01085 0.0509 0.0052 0.07303 0.00762 5.8186 0.2441 1003 100 1022 40 1015 227 101 1022 40
5.2 520 265 0.51 0.000008 0.000007 0.24 0.15192 0.00553 0.0552 0.0024 0.07811 0.00159 5.4005 0.1242 1086 47 1095 23 1150 41 96 1095 23
6.2 133 138 1.03 0.000041 0.000038 0.77 0.31395 0.01572 0.0497 0.0031 0.07793 0.00465 6.1124 0.1925 981 59 977 29 1145 123 86 977 29
8.2 245 53 0.22 0.000048 0.000029 0.11 0.06750 0.00455 0.0548 0.0038 0.07467 0.00100 5.6552 0.0692 1079 73 1050 12 1060 27 99 1050 12
9.2 341 105 0.31 0.000295 0.000078 0.48 0.11381 0.00672 0.0720 0.0046 0.08732 0.00270 5.1284 0.1026 1406 86 1148 21 1368 61 84 1368 61
11.2 101 61 0.60 0.000013 0.000012 0.14 0.17852 0.00652 0.0604 0.0029 0.08086 0.00181 4.9220 0.1424 1185 56 1192 32 1218 45 98 1192 32
12.2 210 161 0.77 0.000020 0.000020 0.28 0.22894 0.00677 0.0510 0.0018 0.07525 0.00211 5.8590 0.0984 1006 34 1016 16 1075 57 95 1016 16
13.2 139 104 0.75 0.000049 0.000046 0.08 0.22616 0.00829 0.0798 0.0035 0.09684 0.00254 3.8011 0.0817 1552 66 1506 29 1564 50 96 1564 50
15.2 509 367 0.72 0.000100 0.000034 0.26 0.21608 0.00355 0.0481 0.0010 0.07196 0.00100 6.2326 0.0700 949 20 959 10 985 28 98 959 10
16.2 945 455 0.48 0.000051 0.000019 0.40 0.13830 0.00211 0.0524 0.0010 0.07829 0.00073 5.4780 0.0545 1032 19 1081 10 1154 19 94 1154 19
17.2 285 122 0.43 0.000201 0.000119 0.40 0.13573 0.00343 0.0481 0.0017 0.07012 0.00207 6.5860 0.1398 949 33 911 18 932 62 98 911 18
18.2 186 224 1.20 0.000242 0.000070 -0.08 0.36249 0.00621 0.0602 0.0021 0.07465 0.00178 5.0078 0.1260 1181 39 1174 27 1059 49 110 1169 27
19.2 253 237 0.94 0.000100 0.000035 0.19 0.28580 0.00378 0.0593 0.0016 0.07817 0.00099 5.1474 0.0985 1164 30 1144 20 1151 25 99 1144 20
20.2 507 315 0.62 0.000054 0.000021 0.21 0.19149 0.00351 0.0578 0.0015 0.07772 0.00113 5.3246 0.0876 1136 30 1109 17 1140 29 98 1109 17
21.2 79 88 1.12 0.000312 0.000147 0.04 0.33827 0.01283 0.0547 0.0025 0.07074 0.00401 5.5445 0.1265 1076 48 1069 23 950 121 112 1069 23
22.2 134 155 1.16 0.000020 0.000020 -0.03 0.36294 0.00857 0.0651 0.0021 0.08014 0.00244 4.8271 0.0905 1274 39 1214 21 1201 61 101 1213 21
28.2 770 471 0.61 0.000020 0.000020 0.25 0.17883 0.00186 0.0574 0.0011 0.08024 0.00058 5.0993 0.0681 1127 20 1154 14 1203 14 96 1154 14
29.2 217 135 0.62 0.000020 0.000020 0.03 0.18391 0.00349 0.0755 0.0019 0.09093 0.00101 3.9201 0.0501 1471 35 1465 17 1445 21 101 1445 21
34.2 233 135 0.58 0.000020 0.000020 0.03 0.15924 0.00508 0.1302 0.0049 0.17840 0.00173 2.1054 0.0343 2474 88 2505 34 2638 16 95 2638 16
35.2 337 184 0.55 0.000181 0.000044 -0.08 0.16564 0.00395 0.0639 0.0019 0.07798 0.00107 4.7557 0.0691 1252 35 1230 16 1146 27 107 1226 16
36.2 162 133 0.82 0.000236 0.000065 0.32 0.23478 0.00604 0.0557 0.0019 0.07748 0.00219 5.1465 0.0944 1095 35 1145 19 1133 57 101 1145 19
37.2 155 99 0.64 0.000182 0.000082 0.17 0.19854 0.00492 0.0618 0.0025 0.07771 0.00193 5.0413 0.1396 1212 48 1167 30 1139 50 102 1167 30
42.2 198 124 0.63 0.000053 0.000025 0.08 0.17532 0.00602 0.1173 0.0052 0.15839 0.00205 2.3811 0.0563 2242 95 2260 45 2439 22 93 2439 22
43.2 138 250 1.82 0.000020 0.000020 0.03 0.52734 0.00774 0.0798 0.0020 0.09520 0.00198 3.6410 0.0641 1551 37 1564 25 1532 40 102 1532 40
45.2 219 141 0.64 0.000043 0.000023 0.33 0.18918 0.00369 0.0569 0.0016 0.08000 0.00100 5.1750 0.0914 1118 31 1139 18 1197 25 95 1139 18
46.2 24 19 0.78 0.001426 0.000509 0.55 0.24800 0.01411 0.0605 0.0064 0.06142 0.00889 5.2453 0.3942 1186 122 1125 78 654 345 169 1125 78
47.2 93 95 1.03 0.000020 0.000020 0.03 0.33001 0.00792 0.0560 0.0020 0.08163 0.00160 5.7402 0.1318 1102 38 1035 22 1237 39 84 1035 22
48.2 370 166 0.45 0.000080 0.000034 -0.21 0.13491 0.00262 0.0701 0.0017 0.08345 0.00095 4.2852 0.0551 1370 32 1352 16 1280 22 105 1348 16
50.2 95 112 1.17 0.000236 0.000082 0.32 0.35062 0.00737 0.0588 0.0021 0.07795 0.00196 5.0788 0.1221 1155 39 1159 26 1146 51 101 1159 26
51.2 143 135 0.94 0.000123 0.000043 0.17 0.28269 0.00724 0.0588 0.0019 0.07806 0.00200 5.1021 0.0894 1155 37 1154 19 1148 52 100 1154 19
52.2 179 117 0.66 0.000078 0.000056 0.24 0.19192 0.00358 0.0638 0.0016 0.08419 0.00126 4.5853 0.0695 1250 31 1272 18 1297 29 98 1272 18
53.2 91 138 1.52 0.000034 0.000020 0.06 0.48290 0.01039 0.0572 0.0017 0.08613 0.00244 5.5439 0.0980 1125 33 1069 17 1341 56 80 1341 56
54.2 160 118 0.74 0.000009 0.000018 0.27 0.21440 0.00445 0.0543 0.0018 0.07878 0.00112 5.3322 0.1129 1068 34 1108 22 1167 28 95 1108 22
55.2 291 131 0.45 0.000198 0.000044 0.31 0.15439 0.00466 0.0996 0.0034 0.10512 0.00173 3.4371 0.0470 1920 62 1646 20 1716 31 96 1716 31
59.2 191 31 0.16 0.000114 0.000102 0.42 0.04470 0.00391 0.0615 0.0056 0.08630 0.00205 4.4908 0.0974 1206 107 1296 26 1345 47 97 1296 26
60.2 98 92 0.94 0.000126 0.000066 0.03 0.29407 0.01290 0.0560 0.0028 0.07330 0.00185 5.5692 0.1197 1101 54 1065 21 1022 52 104 1065 21
62.2 177 147 0.83 0.000020 0.000020 0.00 0.24665 0.00600 0.0648 0.0024 0.08274 0.00149 4.5922 0.1125 1269 46 1270 28 1263 35 101 1270 28
65.2 274 51 0.19 0.000075 0.000033 0.11 0.05002 0.00275 0.0965 0.0055 0.12568 0.00111 2.7541 0.0287 1863 101 1997 18 2038 16 98 2038 16
75.1 205 150 0.73 0.000049 0.000028 0.06 0.21496 0.00438 0.0843 0.0021 0.09865 0.00122 3.4845 0.0451 1636 40 1626 19 1599 23 102 1599 23
76.1 279 225 0.81 0.000052 0.000027 -0.33 0.16131 0.00714 0.0402 0.0020 0.07510 0.00188 4.9684 0.1003 797 39 1182 22 1071 51 110 1178 22
77.1 122 102 0.83 0.000020 0.000020 -0.01 0.22167 0.00617 0.0562 0.0020 0.08041 0.00157 4.7517 0.0902 1105 38 1231 21 1207 39 102 1231 21
78.1 346 39 0.11 0.000016 0.000010 0.02 0.03333 0.00362 0.0813 0.0089 0.09649 0.00126 3.6192 0.0444 1579 167 1573 17 1557 25 101 1557 25
81.1 115 113 0.99 0.000020 0.000020 -0.08 0.30624 0.00827 0.0613 0.0025 0.07715 0.00212 5.0408 0.1411 1203 48 1167 30 1125 56 104 1165 30
82.1 571 471 0.82 0.000021 0.000014 -0.13 0.24442 0.00231 0.0588 0.0014 0.07660 0.00058 5.0392 0.0925 1155 26 1167 20 1111 15 105 1165 20
83.1 376 412 1.10 0.000029 0.000040 0.10 0.32476 0.00341 0.0510 0.0010 0.07341 0.00093 5.8108 0.0769 1005 19 1024 13 1025 26 100 1024 13
84.1 997 644 0.65 0.000020 0.000020 0.33 0.19017 0.00226 0.0546 0.0009 0.07808 0.00067 5.3987 0.0536 1074 17 1095 10 1149 17 96 1095 10
85.1 706 331 0.47 0.000053 0.000051 0.24 0.13792 0.00290 0.0544 0.0013 0.07704 0.00120 5.4150 0.0532 1070 25 1092 10 1122 31 98 1092 10
86.1 17 53 3.05 0.001941 0.000896 1.17 0.93684 0.04715 0.0604 0.0051 0.05930 0.01614 5.0869 0.3007 1185 97 1157 63 578 578 197 1157 63
88.1 229 138 0.60 0.000094 0.000056 0.15 0.17457 0.00326 0.0800 0.0027 0.09610 0.00127 3.6252 0.0873 1556 51 1570 34 1550 25 101 1550 25
89.1 151 137 0.91 0.000064 0.000027 0.10 0.26769 0.00449 0.0930 0.0023 0.10870 0.00129 3.1815 0.0506 1797 43 1762 25 1778 22 99 1778 22
Table 4.2. U-Th-Pb isotopic analyses of zircon from quartzite, upper Stanovos Gneiss, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
90.1 133 160 1.21 0.000102 0.000040 -0.18 0.36175 0.01243 0.0618 0.0028 0.07723 0.00300 4.8577 0.1280 1211 54 1207 29 1127 79 107 1203 29
91.1 158 102 0.65 0.000020 0.000020 -0.24 0.20067 0.00499 0.0514 0.0016 0.06956 0.00127 6.0315 0.0957 1014 30 989 15 915 38 108 986 14
92.1 162 154 0.95 0.000188 0.000071 0.14 0.27634 0.00532 0.0525 0.0017 0.07367 0.00161 5.5347 0.1225 1035 32 1071 22 1032 45 104 1071 22
93.1 308 184 0.60 0.000020 0.000020 0.00 0.17984 0.00359 0.0614 0.0019 0.07972 0.00118 4.8953 0.0937 1205 36 1198 21 1190 29 101 1198 21
94.1 373 415 1.11 0.000081 0.000032 0.13 0.33350 0.00451 0.0310 0.0008 0.06084 0.00098 9.6585 0.1774 618 15 635 11 634 35 100 635 11
94.2 302 273 0.90 0.000078 0.000027 0.19 0.27487 0.00593 0.0318 0.0009 0.06157 0.00117 9.5737 0.1609 633 18 640 10 659 41 97 640 10
94.3 200 147 0.74 0.000070 0.000049 0.20 0.23195 0.00431 0.0319 0.0008 0.06130 0.00125 9.8640 0.1318 634 15 622 8 650 44 96 622 8
95.1 1404 690 0.49 0.000047 0.000020 0.08 0.16063 0.00195 0.0576 0.0008 0.08104 0.00053 5.6766 0.0336 1131 15 1046 6 1222 13 86 1222 13
96.1 592 427 0.72 0.000010 0.000006 0.24 0.21382 0.00377 0.0590 0.0011 0.08085 0.00131 5.0261 0.0334 1158 22 1170 7 1218 32 96 1170 7
97.1 191 133 0.70 0.000061 0.000059 -0.14 0.21437 0.00416 0.0643 0.0016 0.07886 0.00137 4.7839 0.0606 1260 30 1224 14 1169 35 105 1221 14
98.1 430 364 0.85 0.000020 0.000020 0.19 0.25081 0.00444 0.0570 0.0015 0.07883 0.00094 5.2011 0.0881 1120 29 1134 18 1168 24 97 1134 18
99.1 201 93 0.46 0.000494 0.000179 0.24 0.14188 0.00453 0.0466 0.0019 0.06437 0.00296 6.6090 0.1489 920 37 908 19 754 100 120 908 19
100.1 168 149 0.89 0.000361 0.000163 0.87 0.28386 0.00586 0.0474 0.0016 0.07143 0.00286 6.7183 0.1512 937 31 895 19 970 84 93 895 19
101.1 685 695 1.01 0.000038 0.000015 0.06 0.30799 0.00373 0.0816 0.0017 0.09563 0.00072 3.7206 0.0522 1586 31 1535 19 1541 14 100 1541 14
102.1 399 212 0.53 0.000033 0.000023 0.05 0.15029 0.00343 0.0801 0.0021 0.09790 0.00091 3.5268 0.0353 1557 39 1609 14 1584 17 102 1584 17
103.1 215 225 1.04 0.000020 0.000020 0.14 0.30782 0.00548 0.0590 0.0021 0.08013 0.00126 4.9985 0.1302 1158 40 1176 28 1200 31 98 1176 28
104.1 198 114 0.58 0.000098 0.000098 0.01 0.18245 0.00453 0.0435 0.0014 0.06543 0.00188 7.2771 0.1160 860 26 830 12 788 62 105 830 12
104.2 199 103 0.52 0.000332 0.000100 0.17 0.15678 0.00627 0.0421 0.0021 0.06372 0.00197 7.2121 0.1797 834 41 837 20 732 67 114 837 20
105.1 125 105 0.83 0.000020 0.000020 0.37 0.24868 0.00757 0.0606 0.0026 0.08286 0.00192 4.9167 0.1313 1189 49 1194 29 1266 46 95 1194 29
106.1 167 162 0.97 0.000020 0.000020 0.13 0.29204 0.00521 0.0592 0.0020 0.07914 0.00117 5.1013 0.1213 1163 37 1154 25 1176 29 98 1154 25
107.1 1029 720 0.70 0.000020 0.000020 0.21 0.20496 0.00267 0.0567 0.0009 0.07927 0.00087 5.1681 0.0398 1115 17 1140 8 1179 22 97 1140 8
108.1 129 186 1.44 0.000328 0.000139 0.83 0.44864 0.00744 0.0509 0.0015 0.07430 0.00253 6.1274 0.1250 1003 28 975 18 1050 70 93 975 18
109.1 200 258 1.29 0.000163 0.000079 -0.14 0.39105 0.00837 0.0547 0.0014 0.07137 0.00225 5.5376 0.0674 1075 27 1070 12 968 66 110 1066 12
110.1 234 109 0.46 0.000026 0.000022 0.40 0.13925 0.00725 0.0513 0.0036 0.07632 0.00187 5.8390 0.2377 1011 69 1019 38 1104 50 93 1019 38
111.1 393 102 0.26 0.000197 0.000070 0.10 0.07693 0.00270 0.0520 0.0022 0.07198 0.00139 5.7213 0.1078 1024 41 1038 18 985 40 105 1038 18
112.1 2312 1849 0.80 0.000015 0.000006 0.02 0.24387 0.00158 0.0548 0.0008 0.08023 0.00038 5.5636 0.0623 1079 15 1066 11 1203 9 89 1203 9
113.1 83 102 1.23 0.000177 0.000201 -0.28 0.36457 0.00772 0.0607 0.0021 0.07487 0.00346 4.8910 0.1130 1192 39 1199 25 1065 96 112 1193 25
114.1 119 147 1.23 0.000168 0.000094 0.46 0.36475 0.00802 0.0571 0.0026 0.07923 0.00214 5.1876 0.1790 1122 50 1136 36 1178 54 97 1136 36
115.1 253 112 0.44 0.000029 0.000023 0.05 0.12225 0.00575 0.1165 0.0067 0.15880 0.00183 2.3622 0.0660 2227 122 2276 54 2443 20 93 2443 20
116.1 22 48 2.25 0.000020 0.000020 0.03 0.70446 0.04520 0.0593 0.0051 0.09429 0.00610 5.2957 0.2533 1163 98 1115 49 1514 127 74 1514 127
117.1 98 97 0.99 0.000082 0.000034 0.37 0.29898 0.00999 0.0693 0.0039 0.08767 0.00196 4.3685 0.1675 1353 74 1329 46 1375 44 97 1329 46
118.1 278 268 0.96 0.000078 0.000133 0.35 0.27997 0.00620 0.0495 0.0014 0.07506 0.00241 5.8626 0.0964 977 27 1015 15 1070 66 95 1015 15
119.1 195 182 0.93 0.000233 0.000077 0.39 0.26930 0.00520 0.0557 0.0021 0.07774 0.00167 5.1803 0.1413 1095 40 1138 29 1140 43 100 1138 29
120.1 443 380 0.86 0.000035 0.000015 -0.06 0.25151 0.00479 0.0620 0.0016 0.08066 0.00079 4.7263 0.0700 1216 31 1237 17 1213 19 102 1237 17
121.1 389 138 0.36 0.000317 0.000155 0.86 0.10810 0.00649 0.0678 0.0043 0.08718 0.00324 4.4933 0.0798 1325 81 1295 21 1365 73 95 1295 21
122.1 332 923 2.78 0.000092 0.000062 0.15 0.81778 0.01160 0.0535 0.0020 0.08100 0.00166 5.4884 0.1632 1054 39 1079 30 1222 41 88 1079 30
123.1 158 144 0.91 0.000217 0.000130 0.60 0.27839 0.00781 0.0414 0.0015 0.06851 0.00282 7.4129 0.1355 819 28 816 14 884 88 93 816 14
124.1 92 140 1.52 0.000149 0.000124 0.37 0.43826 0.01745 0.0586 0.0033 0.08098 0.00381 4.9169 0.1745 1150 63 1193 39 1221 95 98 1193 39
125.1 49 50 1.03 0.001556 0.000753 0.89 0.31073 0.01767 0.0578 0.0039 0.06286 0.01242 5.2092 0.1578 1136 74 1132 32 704 488 159 1132 32
126.1 184 121 0.66 0.000043 0.000028 0.07 0.18096 0.00750 0.1253 0.0068 0.16235 0.00238 2.1992 0.0610 2386 122 2416 56 2480 25 97 2480 25
127.1 230 96 0.42 0.000094 0.000040 0.15 0.11877 0.00687 0.0755 0.0048 0.10574 0.00254 3.7750 0.0823 1471 90 1515 29 1727 45 88 1727 45
128.1 423 283 0.67 0.000040 0.000036 0.26 0.19471 0.00639 0.0541 0.0020 0.07796 0.00151 5.3741 0.0662 1065 37 1100 12 1146 39 96 1100 12
129.1 746 470 0.63 0.000076 0.000023 0.51 0.16912 0.00506 0.0522 0.0018 0.08128 0.00085 5.1397 0.0712 1029 34 1146 15 1228 21 94 1146 15
130.1 651 340 0.52 0.000020 0.000020 0.03 0.14928 0.00326 0.0521 0.0013 0.07913 0.00076 5.4888 0.0536 1027 25 1079 10 1175 19 92 1175 19
131.1 213 227 1.07 0.000046 0.000039 0.41 0.31119 0.01144 0.0468 0.0021 0.07400 0.00210 6.2428 0.1547 924 41 958 22 1041 58 92 958 22
132.1 29 34 1.17 0.000956 0.000464 2.11 0.29538 0.03461 0.0447 0.0062 0.07956 0.01041 5.6439 0.3502 883 120 1052 60 1186 283 89 1052 60
133.1 405 46 0.11 0.000089 0.000028 0.14 0.02938 0.00349 0.0777 0.0095 0.11370 0.00131 3.3679 0.0679 1511 178 1676 30 1859 21 90 1859 21
134.1 587 504 0.86 0.000099 0.000047 0.01 0.23741 0.00539 0.0525 0.0020 0.07560 0.00169 5.2681 0.1358 1035 38 1120 27 1085 45 103 1120 27
135.1 86 185 2.16 0.000551 0.000276 1.50 0.62718 0.01899 0.0532 0.0026 0.08115 0.00582 5.4576 0.1868 1049 50 1085 34 1225 148 89 1085 34
136.1 174 205 1.18 0.000449 0.000134 0.69 0.34458 0.00740 0.0506 0.0029 0.07309 0.00255 5.7976 0.2547 997 55 1026 42 1016 72 101 1026 42
137.1 228 566 2.49 0.000340 0.000125 0.71 0.33533 0.01083 0.0247 0.0011 0.07709 0.00247 5.4635 0.1435 493 22 1084 26 1124 65 97 1084 26
138.1 790 202 0.26 0.000347 0.000086 0.56 0.10516 0.00401 0.0524 0.0021 0.06871 0.00154 7.8275 0.0782 1032 40 775 7 890 47 87 890 47
139.1 135 119 0.88 0.000131 0.000078 -0.07 0.26528 0.00977 0.0613 0.0028 0.07723 0.00347 4.9215 0.1189 1202 54 1192 26 1127 92 106 1189 26
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
140.1 568 192 0.34 0.000115 0.000041 0.33 0.09616 0.00379 0.0511 0.0022 0.07611 0.00120 5.5773 0.0695 1006 41 1063 12 1098 32 97 1063 12
140.2 1002 95 0.09 0.000000 0.000000 0.07 0.02777 0.00159 0.0571 0.0034 0.07857 0.00052 5.1449 0.0387 1123 64 1145 8 1161 13 99 1145 8
141.1 306 175 0.57 0.000088 0.000066 0.22 0.16633 0.00656 0.0562 0.0026 0.07849 0.00152 5.1685 0.1003 1105 49 1140 20 1159 39 98 1140 20
142.1 52 38 0.73 0.000558 0.000327 0.21 0.21358 0.00809 0.0661 0.0039 0.07866 0.00543 4.4494 0.1697 1293 74 1307 45 1164 143 112 1307 45
143.1 1517 2136 1.41 0.000013 0.000005 0.02 0.42102 0.00631 0.0461 0.0013 0.07588 0.00112 6.4824 0.1265 911 26 925 17 1092 30 85 1092 30
144.1 1978 242 0.12 0.000070 0.000019 0.27 0.02923 0.00170 0.0452 0.0027 0.07827 0.00061 5.2880 0.0276 894 51 1117 5 1154 16 97 1117 5
145.1 118 155 1.32 0.000088 0.000038 0.37 0.39516 0.00770 0.0590 0.0018 0.08044 0.00224 5.0915 0.1018 1158 35 1156 21 1208 56 96 1156 21
146.1 204 258 1.26 0.000092 0.000035 -0.16 0.38809 0.00700 0.0551 0.0017 0.07194 0.00222 5.5764 0.1196 1084 33 1063 21 984 64 108 1060 21
147.1 50 44 0.88 0.000607 0.000244 0.36 0.26305 0.00867 0.0506 0.0027 0.06729 0.00428 5.9148 0.2133 998 52 1007 34 847 138 118 1007 34
148.1 25 31 1.22 0.000560 0.000258 0.51 0.39164 0.02481 0.0502 0.0040 0.06694 0.00524 6.3676 0.2754 990 77 940 38 836 172 112 940 38
149.1 66 97 1.46 0.000397 0.000322 0.95 0.44242 0.01357 0.0496 0.0023 0.07458 0.00538 6.0948 0.1804 979 44 979 27 1057 153 93 979 27
150.1 93 18 0.19 0.000649 0.000196 0.31 0.06868 0.00948 0.0627 0.0092 0.06736 0.00465 5.7176 0.2421 1229 176 1039 41 849 151 122 1039 41
151.1 1027 722 0.70 0.000042 0.000014 -0.02 0.21386 0.00365 0.0606 0.0012 0.07816 0.00051 5.0151 0.0357 1190 22 1172 8 1151 13 102 1171 8
152.1 168 233 1.38 0.000020 0.000020 -0.38 0.42211 0.00555 0.0654 0.0018 0.07856 0.00106 4.6617 0.1009 1280 35 1253 25 1161 27 108 1248 25
153.1 144 162 1.12 0.000108 0.000069 0.16 0.33243 0.01080 0.0536 0.0022 0.07507 0.00171 5.5296 0.1164 1056 42 1072 21 1070 46 100 1072 21
154.1 62 71 1.15 0.000137 0.000118 0.66 0.34022 0.01107 0.0575 0.0028 0.08177 0.00273 5.1656 0.1662 1130 54 1141 34 1240 67 92 1141 34
155.1 171 163 0.95 0.000016 0.000007 0.11 0.29138 0.00922 0.0608 0.0023 0.07977 0.00124 5.0208 0.0969 1193 45 1171 21 1191 31 98 1171 21
156.1 631 245 0.39 0.000006 0.000006 0.07 0.11626 0.00317 0.0512 0.0016 0.07362 0.00114 5.8585 0.0822 1009 32 1016 13 1031 32 99 1016 13
157.1 313 169 0.54 0.000135 0.000031 0.22 0.15244 0.00390 0.0744 0.0022 0.10329 0.00141 3.8029 0.0506 1451 42 1505 18 1684 25 89 1684 25
158.1 613 463 0.76 0.000028 0.000011 0.11 0.21914 0.00507 0.0573 0.0015 0.07923 0.00179 5.0632 0.0480 1127 28 1162 10 1178 45 99 1162 10
159.1 2249 212 0.09 0.000137 0.000019 0.22 0.03531 0.00084 0.0594 0.0016 0.07393 0.00042 6.2983 0.0541 1165 30 950 8 1040 11 91 1040 11
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
3.1 161 49 0.30 0.000040 0.000023 0.06 0.08770 0.00170 0.0939 0.0023 0.10621 0.00104 3.0671 0.0385 1813 42 1819 20 1735 18 105 1735 18
4.1 130 49 0.38 0.000255 0.000082 0.41 0.10292 0.00359 0.0842 0.0040 0.10498 0.00214 3.2436 0.0831 1635 75 1732 39 1714 38 101 1714 38
6.1 132 117 0.89 0.000190 0.000087 0.30 0.24842 0.00422 0.0881 0.0026 0.10520 0.00166 3.1798 0.0651 1707 49 1763 32 1718 29 103 1718 29
7.1 109 132 1.20 0.000020 0.000020 0.03 0.35296 0.00751 0.0931 0.0032 0.10760 0.00256 3.1516 0.0783 1799 59 1777 39 1759 44 101 1759 44
8.1 358 230 0.64 0.000035 0.000017 0.06 0.19551 0.00317 0.0874 0.0018 0.10628 0.00089 3.4783 0.0366 1694 34 1629 15 1737 15 94 1737 15
9.1 548 59 0.11 0.000077 0.000026 0.12 0.02957 0.00154 0.0889 0.0051 0.10674 0.00257 3.0823 0.0752 1721 96 1811 39 1744 45 104 1744 45
10.1 138 262 1.90 0.000067 0.000056 0.11 0.54932 0.01227 0.0846 0.0035 0.10482 0.00168 3.4228 0.1041 1642 66 1652 45 1711 30 97 1711 30
12.1 242 72 0.30 0.000098 0.000039 0.16 0.08065 0.00271 0.0808 0.0035 0.10425 0.00338 3.3759 0.0850 1571 65 1673 37 1701 61 98 1701 61
14.1 178 102 0.57 0.000020 0.000020 0.03 0.16817 0.00370 0.0974 0.0025 0.11044 0.00198 3.0287 0.0329 1878 46 1839 17 1807 33 102 1807 33
15.1 425 25 0.06 0.000030 0.000010 0.05 0.01398 0.00055 0.0530 0.0022 0.09494 0.00062 4.4203 0.0414 1043 43 1315 11 1527 12 86 1527 12
16.1 94 69 0.74 0.000007 0.000003 0.01 0.21935 0.00640 0.1010 0.0039 0.10850 0.00274 2.9308 0.0707 1945 72 1892 40 1774 47 107 1774 47
17.1 190 166 0.87 0.000009 0.000004 0.01 0.25749 0.00245 0.0898 0.0018 0.10544 0.00106 3.2863 0.0499 1738 33 1713 23 1722 19 100 1722 19
17.2 107 105 0.98 0.000222 0.000098 0.36 0.29002 0.00822 0.0900 0.0035 0.10573 0.00219 3.2964 0.0755 1742 65 1708 34 1727 38 99 1727 38
20.1 109 68 0.62 0.000020 0.000020 0.03 0.18278 0.00430 0.0875 0.0039 0.10405 0.00244 3.3701 0.1055 1695 72 1675 46 1698 44 99 1698 44
21.1 88 58 0.66 0.000118 0.000084 0.19 0.18906 0.00458 0.0880 0.0032 0.10839 0.00295 3.2463 0.0732 1705 59 1731 34 1773 51 98 1773 51
21.2 86 50 0.57 0.000061 0.000075 0.10 0.15979 0.00404 0.0836 0.0033 0.10316 0.00173 3.3306 0.0849 1623 62 1693 38 1682 31 101 1682 31
23.1 1457 294 0.20 0.000002 0.000001 0.00 0.05616 0.00062 0.1110 0.0018 0.15001 0.00091 2.5105 0.0242 2128 32 2161 18 2346 10 92 2346 10
24.1 457 156 0.34 0.000018 0.000013 0.03 0.10108 0.00125 0.0898 0.0017 0.10816 0.00180 3.3002 0.0408 1737 32 1706 19 1769 31 97 1769 31
25.1 169 53 0.31 0.000113 0.000055 0.18 0.09022 0.00248 0.0861 0.0030 0.10386 0.00147 3.3460 0.0587 1669 56 1686 26 1694 26 100 1694 26
27.1 99 66 0.67 0.000020 0.000020 0.03 0.20093 0.00677 0.0937 0.0036 0.10700 0.00226 3.1932 0.0517 1810 67 1756 25 1749 39 101 1749 39
28.1 190 2 0.01 0.000091 0.000026 0.15 -0.00083 0.00097 -0.0232 -0.0269 0.09995 0.00128 3.5112 0.0484 0 0 1616 20 1623 24 100 1623 24
30.1 83 51 0.61 0.000269 0.000089 0.43 0.17162 0.00469 0.0890 0.0031 0.10401 0.00206 3.1611 0.0583 1724 57 1772 29 1697 37 105 1697 37
31.1 129 267 2.07 0.000020 0.000020 0.03 0.58677 0.01007 0.0892 0.0021 0.10632 0.00113 3.1870 0.0415 1727 38 1759 20 1737 20 101 1737 20
32.1 105 90 0.85 0.000200 0.000111 0.32 0.24217 0.00538 0.0834 0.0028 0.10167 0.00293 3.4057 0.0710 1619 52 1660 31 1655 54 100 1655 54
33.1 447 30 0.07 0.000020 0.000020 0.03 0.01890 0.00113 0.0887 0.0055 0.10306 0.00155 3.1879 0.0249 1718 102 1759 12 1680 28 105 1680 28
35.1 266 196 0.74 0.000042 0.000015 0.07 0.20892 0.00402 0.1193 0.0036 0.15425 0.00273 2.3838 0.0510 2278 64 2258 41 2394 30 95 2394 30
36.1 124 151 1.22 0.000280 0.000089 0.45 0.35979 0.00881 0.0881 0.0030 0.10335 0.00231 3.3490 0.0680 1707 56 1684 30 1685 42 100 1685 42
37.1 80 62 0.77 0.000045 0.000020 0.07 0.22402 0.00543 0.0899 0.0029 0.10799 0.00155 3.2571 0.0598 1740 54 1726 28 1766 26 98 1766 26
38.1 284 147 0.52 0.000045 0.000039 0.07 0.15483 0.00251 0.0949 0.0022 0.10610 0.00098 3.1600 0.0438 1832 40 1772 22 1733 17 102 1733 17
39.1 412 19 0.04 0.000019 0.000011 0.03 0.01258 0.00087 0.0857 0.0060 0.10570 0.00103 3.2668 0.0248 1662 113 1722 12 1726 18 100 1726 18
40.1 155 393 2.53 0.000044 0.000022 0.07 0.73057 0.00731 0.0914 0.0017 0.10789 0.00249 3.1573 0.0447 1768 32 1774 22 1764 43 101 1764 43
41.1 207 209 1.01 0.000120 0.000060 0.19 0.29715 0.00343 0.0821 0.0014 0.10595 0.00124 3.5916 0.0364 1595 25 1583 14 1731 22 92 1731 22
42.1 358 598 1.67 0.000020 0.000020 0.03 0.47504 0.00624 0.0907 0.0019 0.10834 0.00156 3.1374 0.0436 1754 35 1784 22 1772 26 101 1772 26
43.1 444 10 0.02 0.000016 0.000016 0.03 0.00677 0.00065 0.0752 0.0074 0.09468 0.00114 3.8743 0.0483 1465 139 1480 17 1522 23 97 1522 23
44.1 115 93 0.80 0.000043 0.000019 0.07 0.24022 0.00321 0.0876 0.0020 0.10530 0.00112 3.4099 0.0529 1698 38 1658 23 1720 20 97 1720 20
45.1 104 148 1.43 0.000239 0.000065 0.38 0.40285 0.00924 0.0876 0.0037 0.10272 0.00210 3.2299 0.0973 1696 69 1739 46 1674 38 104 1674 38
46.1 538 329 0.61 0.000020 0.000020 0.03 0.16840 0.00317 0.0855 0.0024 0.10605 0.00081 3.2183 0.0455 1658 44 1744 22 1733 14 101 1733 14
47.1 285 200 0.70 0.000017 0.000017 0.03 0.19841 0.00240 0.0799 0.0017 0.10637 0.00129 3.5458 0.0524 1553 32 1602 21 1738 22 92 1738 22
48.1 235 136 0.58 0.000045 0.000019 0.07 0.16369 0.00282 0.0841 0.0021 0.10721 0.00158 3.3659 0.0527 1632 39 1677 23 1753 27 96 1753 27
49.1 165 60 0.36 0.000010 0.000003 0.02 0.10393 0.00335 0.0920 0.0035 0.10485 0.00128 3.1018 0.0491 1779 64 1801 25 1712 23 105 1712 23
50.1 108 88 0.81 0.000098 0.000038 0.16 0.22522 0.00452 0.0850 0.0036 0.10638 0.00159 3.2756 0.1048 1649 67 1717 48 1738 28 99 1738 28
51.1 100 59 0.59 0.000082 0.000038 0.13 0.16433 0.00353 0.0832 0.0034 0.10540 0.00281 3.3552 0.0988 1614 63 1682 44 1721 50 98 1721 50
52.1 347 32 0.09 0.000003 0.000003 0.01 0.02741 0.00067 0.0856 0.0025 0.10854 0.00122 3.5081 0.0423 1660 46 1617 17 1775 21 91 1775 21
53.1 335 167 0.50 0.000010 0.000004 0.02 0.14711 0.00280 0.0813 0.0021 0.10717 0.00073 3.6357 0.0498 1581 40 1566 19 1752 13 90 1752 13
54.1 323 27 0.08 0.000010 0.000020 0.02 0.02428 0.00100 0.0721 0.0035 0.09987 0.00107 4.0337 0.0872 1407 66 1428 28 1622 20 88 1622 20
55.1 126 208 1.65 0.000047 0.000042 0.08 0.47006 0.01029 0.0861 0.0028 0.10958 0.00302 3.3096 0.0736 1670 52 1702 33 1792 51 95 1792 51
"Detrital" overgrowths
Table 4.3. U-Th-Pb isotopic analyses of zircon from lower Irindina Gneiss metapelite, Ruby Mine, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
1.1 116 41 0.35 0.000375 0.000091 5.40 -0.01110 0.00351 -0.0087 -0.0028 0.09988 0.00176 3.5794 0.0410 0 0 1588 16 1622 33 102 1622 33
2.2 87 81 0.94 0.000148 0.000048 0.24 0.25749 0.00744 0.0845 0.0030 0.10566 0.00304 3.2542 0.0541 1639 55 1727 25 1726 54 100 1726 54
13.1 77 52 0.67 0.000248 0.000121 0.40 0.18155 0.00682 0.0811 0.0035 0.10455 0.00232 3.3543 0.0582 1576 65 1682 26 1706 41 99 1706 41
29.1 416 44 0.11 0.000038 0.000018 0.06 0.03140 0.00087 0.0884 0.0028 0.10445 0.00071 3.3450 0.0386 1711 51 1686 17 1705 13 99 1705 13
35.2 237 117 0.49 0.000015 0.000019 0.02 0.14757 0.00366 0.0805 0.0026 0.10518 0.00164 3.7132 0.0673 1565 49 1537 25 1718 29 90 1718 29
Moderate-U overgrowths
        R2.1 211 12 0.06 0.000583 0.000156 0.45 0.01567 0.00266 0.0201 0.0034 0.05180 0.00259 13.4368 0.1251 402 68 463 4 277 119 167
        R4.1 111 8 0.07 0.000925 0.000332 0.73 0.01666 0.00344 0.0168 0.0035 0.04931 0.00530 13.7878 0.1714 336 69 451 5 163 234 275
        R5.1 217 14 0.06 0.000520 0.000203 0.54 0.01567 0.00254 0.0183 0.0030 0.05347 0.00326 13.6660 0.2054 366 59 455 7 349 144 130
        R6.1 162 10 0.06 0.000671 0.000317 0.48 0.01813 0.00248 0.0229 0.0031 0.05077 0.00498 13.4165 0.1237 457 62 463 4 230 229 200
        R8.1 193 20 0.10 0.000564 0.000120 0.29 0.03202 0.00260 0.0231 0.0019 0.05058 0.00207 13.5343 0.1156 461 37 460 4 222 97 206
       R10.1 279 21 0.08 0.000223 0.000066 0.40 0.01992 0.00198 0.0199 0.0020 0.05653 0.00120 13.2456 0.1211 399 40 469 4 473 47 99
       R11.1 125 10 0.08 0.000147 0.000279 0.66 0.02428 0.00311 0.0212 0.0027 0.06001 0.00442 13.6375 0.1626 425 54 456 5 604 168 76
       R12.1 130 8 0.06 0.000584 0.000233 0.70 0.01715 0.00357 0.0211 0.0044 0.05403 0.00382 14.0678 0.1441 421 87 443 4 372 168 119
       R13.1 184 14 0.08 0.000143 0.000162 -4.69 0.13182 0.00290 0.1324 0.0034 0.05664 0.00270 13.0527 0.1291 2513 62 476 5 478 109 95
       R14.1 183 17 0.09 0.000020 0.000020 0.41 0.02741 0.00254 0.0225 0.0021 0.05960 0.00087 13.3771 0.1325 449 42 465 4 589 32 79
       R15.1 150 13 0.09 0.000014 0.000135 0.55 0.02022 0.00294 0.0169 0.0025 0.06101 0.00233 13.4698 0.1601 339 49 462 5 640 84 73
       R16.1 237 8 0.03 0.000136 0.000108 0.35 0.00685 0.00302 0.0158 0.0070 0.05739 0.00202 13.2495 0.2006 317 139 469 7 506 79 93
       R17.1 177 9 0.05 0.000615 0.000196 0.19 0.01545 0.00392 0.0211 0.0054 0.04896 0.00339 13.6997 0.1384 422 106 454 4 146 155 309
       R18.1 286 15 0.05 0.000152 0.000092 0.15 0.01683 0.00170 0.0226 0.0023 0.05537 0.00154 13.7821 0.1823 452 46 452 6 427 63 106
       R19.1 198 13 0.07 0.000018 0.000156 0.23 0.02307 0.00219 0.0251 0.0025 0.05796 0.00252 13.9429 0.3027 500 49 447 9 528 98 85
       R20.1 388 26 0.07 0.000041 0.000066 0.01 0.02431 0.00183 0.0208 0.0016 0.05565 0.00120 17.4975 0.2056 417 32 358 4 438 49 82
       R21.1 188 15 0.08 0.000248 0.000284 0.21 0.02283 0.00227 0.0211 0.0021 0.05447 0.00446 13.5409 0.1494 423 42 459 5 390 195 117
       R22.1 179 24 0.13 0.000020 0.000020 -4.82 0.14577 0.00452 0.0876 0.0031 0.05809 0.00160 12.5743 0.1612 1697 58 493 6 533 61 88
High-U grains
5.1 836 61 0.07 0.000020 0.000020 0.03 0.02198 0.00107 0.0176 0.0009 0.05347 0.00081 17.2132 0.1475 352 17 364 3 349 35 104
5.2 367 21 0.06 0.000020 0.000020 0.03 0.02156 0.00110 0.0218 0.0012 0.05378 0.00096 16.8531 0.1745 436 23 372 4 362 41 103
11.1 403 28 0.07 0.000090 0.000042 0.14 0.02009 0.00190 0.0157 0.0015 0.05415 0.00177 18.3011 0.2287 316 30 343 4 377 75 91
22.1 506 28 0.05 0.000060 0.000028 0.10 0.01654 0.00136 0.0175 0.0015 0.05347 0.00087 17.3095 0.2082 350 29 362 4 349 37 104
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 280 239 0.85 0.000020 0.000020 0.28 0.24570 0.00465 0.0886 0.0031 0.11016 0.00153 3.2441 0.0812 1716 58 1732 38 1802 25 96 1802 25
2.1 179 149 0.83 0.000188 0.000085 0.31 0.24108 0.00575 0.0567 0.0015 0.07804 0.00234 5.1181 0.0378 1115 28 1150 8 1148 61 100 1150 8
3.1 182 101 0.56 0.000020 0.000020 0.73 0.13325 0.00637 0.1450 0.0076 0.25487 0.00196 1.6491 0.0307 2737 135 3055 46 3215 12 96 3215 12
4.1 211 116 0.55 0.000036 0.000065 0.07 0.16547 0.00315 0.0571 0.0013 0.07705 0.00130 5.2568 0.0509 1123 24 1123 10 1122 34 100 1123 10
5.1 974 378 0.39 0.000020 0.000020 0.13 0.11489 0.00361 0.0342 0.0011 0.06365 0.00101 8.6630 0.0709 679 22 704 5 730 34 97 704 5
6.1 149 75 0.50 0.000076 0.000042 0.20 0.14471 0.00404 0.0590 0.0021 0.08067 0.00124 4.8844 0.0869 1158 39 1201 20 1213 31 99 1201 20
7.1 144 233 1.62 0.000020 0.000020 0.04 0.48639 0.00662 0.0579 0.0016 0.07750 0.00108 5.1893 0.1025 1138 30 1136 21 1134 28 100 1136 21
8.1 208 96 0.46 0.000020 0.000020 0.17 0.13025 0.00592 0.0237 0.0012 0.05882 0.00173 11.9829 0.1884 473 23 517 8 561 65 92 517 8
8.2 238 104 0.44 0.000110 0.000100 -0.13 0.14389 0.00409 0.0267 0.0009 0.05632 0.00194 12.3311 0.1972 532 18 503 8 465 78 108 503 8
8.3 368 163 0.44 0.000038 0.000023 0.33 0.12970 0.00379 0.0251 0.0008 0.06032 0.00108 11.7132 0.1285 501 16 528 6 615 39 86 528 6
8.4 183 81 0.44 0.000045 0.000049 -0.04 0.14103 0.00544 0.0263 0.0012 0.05809 0.00164 12.0835 0.2287 525 23 513 9 533 63 96 513 9
9.1 604 85 0.14 0.000031 0.000017 0.33 0.03636 0.00300 0.0454 0.0039 0.07641 0.00099 5.7072 0.1338 897 75 1041 23 1106 26 94 1041 23
10.1 502 627 1.25 0.000004 0.000002 0.30 0.33731 0.00622 0.1069 0.0031 0.12722 0.00130 2.5266 0.0485 2053 56 2150 35 2060 18 105 2060 18
11.1 910 181 0.20 0.000129 0.000051 0.14 0.06092 0.00273 0.0317 0.0015 0.06015 0.00125 9.6786 0.0740 630 28 634 5 609 46 104 634 5
12.1 442 291 0.66 0.000031 0.000019 0.10 0.18907 0.00309 0.0734 0.0017 0.09229 0.00091 3.9046 0.0550 1432 32 1470 19 1473 19 100 1473 19
13.1 415 374 0.90 0.000020 0.000020 0.15 0.27040 0.00416 0.0621 0.0015 0.08154 0.00102 4.8328 0.0729 1218 28 1212 17 1234 25 98 1212 17
14.1 207 124 0.60 0.000020 0.000020 -0.01 0.18212 0.00660 0.0660 0.0027 0.08227 0.00116 4.6062 0.0689 1292 51 1267 17 1252 28 101 1266 17
15.1 87 89 1.02 0.000020 0.000020 0.55 0.29527 0.01117 0.0545 0.0029 0.08110 0.00197 5.3338 0.1709 1072 55 1108 33 1224 48 91 1108 33
16.1 211 132 0.63 0.000020 0.000020 0.21 0.18928 0.00647 0.0381 0.0015 0.06622 0.00158 7.9429 0.1260 755 29 764 11 813 51 94 764 11
17.1 104 104 1.00 0.000020 0.000020 -0.01 0.30783 0.00728 0.0355 0.0015 0.06247 0.00145 8.6483 0.2740 704 29 705 21 690 50 102 705 21
18.1 674 312 0.46 0.000019 0.000015 0.10 0.13641 0.00286 0.0511 0.0013 0.07411 0.00099 5.7640 0.0741 1007 25 1031 12 1045 27 99 1031 12
19.1 104 109 1.04 0.000031 0.000014 0.24 0.33329 0.01413 0.0581 0.0031 0.08454 0.00304 5.4986 0.1464 1141 58 1077 26 1305 71 83 1305 71
20.1 477 464 0.97 0.000041 0.000030 0.00 0.28768 0.00485 0.0321 0.0007 0.06107 0.00112 9.2136 0.0938 639 13 664 6 642 40 103 664 6
21.1 189 30 0.16 0.000031 0.000013 0.46 0.03402 0.00485 0.1095 0.0158 0.16309 0.00172 1.9896 0.0298 2099 289 2625 32 2488 18 106 2488 18
23.1 1181 145 0.12 0.000045 0.000013 0.23 0.03238 0.00122 0.0471 0.0018 0.07605 0.00042 5.5881 0.0341 929 35 1061 6 1096 11 97 1061 6
24.1 560 168 0.30 0.000010 0.000006 0.04 0.09379 0.00449 0.0318 0.0016 0.06073 0.00135 9.8210 0.1289 632 31 625 8 630 49 99 625 8
25.1 233 189 0.81 0.000029 0.000012 0.00 0.23075 0.00682 0.0552 0.0021 0.07712 0.00110 5.1758 0.1016 1086 40 1139 21 1124 29 101 1139 21
26.1 176 149 0.85 0.000020 0.000020 0.27 0.23007 0.00538 0.0828 0.0027 0.10537 0.00180 3.2822 0.0652 1608 51 1714 30 1721 32 100 1721 32
27.1 1485 172 0.12 0.000024 0.000010 0.26 0.03052 0.00144 0.0245 0.0012 0.06118 0.00045 10.7217 0.0761 490 23 575 4 645 16 89 645 16
27.2 1870 217 0.12 0.000011 0.000015 0.17 0.03133 0.00116 0.0248 0.0010 0.06034 0.00046 10.8688 0.1369 495 19 567 7 616 17 92 616 17
28.1 361 178 0.49 0.000020 0.000020 0.08 0.14341 0.00417 0.0628 0.0021 0.08306 0.00143 4.6138 0.0685 1231 41 1265 17 1271 34 100 1265 17
29.1 50 57 1.14 0.000112 0.000146 0.18 0.35026 0.01751 0.0383 0.0024 0.06438 0.00412 8.0216 0.2585 759 47 757 23 754 141 100 757 23
30.1 249 124 0.50 0.000020 0.000020 0.22 0.13860 0.00700 0.0486 0.0026 0.07544 0.00229 5.7339 0.0990 960 51 1036 17 1080 62 96 1036 17
31.1 376 289 0.77 0.000059 0.000024 0.23 0.22581 0.00647 0.0236 0.0008 0.05755 0.00132 12.4515 0.2079 471 16 498 8 513 51 97 498 8
31.2 201 143 0.71 0.000054 0.000037 -0.03 0.22181 0.00432 0.0256 0.0006 0.05807 0.00129 12.1706 0.1501 512 12 509 6 532 50 96 509 6
31.3 137 134 0.98 0.000020 0.000020 0.11 0.31078 0.00818 0.0254 0.0010 0.05983 0.00126 12.5171 0.3205 507 19 495 12 597 46 83 495 12
32.1 590 599 1.02 0.000027 0.000027 0.24 0.28769 0.00530 0.0686 0.0016 0.08549 0.00103 4.1310 0.0490 1341 30 1397 15 1327 24 106 1397 15
33.1 257 142 0.55 0.000104 0.000051 -0.11 0.16648 0.00368 0.0634 0.0019 0.07882 0.00129 4.7351 0.0872 1242 37 1235 21 1168 33 106 1232 21
34.1 548 354 0.65 0.000020 0.000020 0.29 0.17835 0.00290 0.0865 0.0019 0.11235 0.00078 3.1899 0.0394 1677 35 1758 19 1838 13 96 1838 13
35.1 237 126 0.53 0.000140 0.000071 0.36 0.15141 0.00500 0.0627 0.0024 0.08447 0.00161 4.5607 0.0666 1229 45 1278 17 1303 38 98 1278 17
36.1 105 242 2.30 0.000020 0.000020 0.21 0.69349 0.01507 0.0508 0.0019 0.08196 0.00208 5.9452 0.1589 1001 37 1002 25 1245 50 81 1245 50
37.1 263 149 0.57 0.000048 0.000043 -0.13 0.16711 0.00590 0.0648 0.0026 0.08142 0.00190 4.5500 0.0775 1269 49 1281 20 1232 46 104 1278 20
38.1 453 703 1.55 0.000007 0.000006 0.32 0.45959 0.00411 0.0534 0.0008 0.07772 0.00071 5.5449 0.0531 1052 15 1069 9 1140 18 94 1140 18
39.1 700 52 0.07 0.000020 0.000020 0.41 0.01315 0.00274 0.0255 0.0053 0.07152 0.00111 6.9020 0.0885 510 106 872 10 972 32 90 972 32
40.1 1061 427 0.40 0.000004 0.000002 0.27 0.11487 0.00270 0.0560 0.0014 0.08055 0.00075 5.1044 0.0494 1101 28 1153 10 1210 19 96 1210 19
41.1 137 144 1.05 0.000076 0.000031 0.36 0.30393 0.00775 0.0847 0.0028 0.10446 0.00177 3.4311 0.0620 1643 53 1649 26 1705 32 97 1705 32
41.2 735 20 0.03 0.000004 0.000005 0.21 0.00380 0.00304 0.0251 0.0201 0.07600 0.00120 5.6607 0.0835 501 400 1049 14 1095 32 96 1049 14
42.1 339 231 0.68 0.000003 0.000002 0.20 0.19872 0.00427 0.0598 0.0017 0.08656 0.00134 4.8735 0.0753 1174 32 1203 17 1351 30 89 1351 30
Table 4.4. U-Th-Pb isotopic analyses of zircon from metapelite, upper Irindina Gneiss, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
43.1 81 103 1.28 0.000101 0.000116 0.15 0.38965 0.01189 0.0369 0.0015 0.06361 0.00308 8.2817 0.1920 732 29 735 16 729 106 101 735 16
44.1 451 48 0.11 0.000020 0.000020 0.45 0.01822 0.00186 0.0803 0.0083 0.16875 0.00071 2.1240 0.0306 1560 156 2487 30 2545 7 98 2545 7
45.1 416 138 0.33 0.000002 0.000002 0.28 0.09178 0.00637 0.0842 0.0061 0.11926 0.00213 3.2772 0.0580 1634 115 1717 27 1945 32 89 1945 32
46.1 329 199 0.60 0.000020 0.000020 0.16 0.17230 0.00492 0.0549 0.0020 0.07859 0.00161 5.1944 0.1024 1079 39 1135 21 1162 41 98 1135 21
47.1 166 201 1.21 0.000032 0.000016 0.33 0.35165 0.01187 0.0424 0.0018 0.07076 0.00255 6.8508 0.1591 840 35 878 19 950 76 93 878 19
48.1 83 74 0.90 0.000623 0.000326 0.42 0.26952 0.01581 0.0327 0.0022 0.05625 0.00553 9.2102 0.2759 649 43 664 19 462 234 143 664 19
49.1 291 197 0.68 0.000020 0.000020 0.28 0.18430 0.00463 0.0801 0.0028 0.10756 0.00138 3.3940 0.0701 1558 53 1665 30 1758 24 95 1758 24
50.1 818 601 0.73 0.000020 0.000020 0.33 0.20970 0.00376 0.0540 0.0012 0.07941 0.00065 5.2862 0.0555 1063 22 1117 11 1182 16 95 1117 11
51.1 324 242 0.75 0.000024 0.000024 0.28 0.21542 0.00470 0.0628 0.0017 0.08513 0.00146 4.5862 0.0669 1231 33 1272 17 1319 34 97 1272 17
52.1 88 81 0.92 0.000020 0.000020 0.25 0.25595 0.01170 0.0730 0.0043 0.09605 0.00235 3.8288 0.1240 1425 81 1496 43 1549 47 97 1549 47
53.1 515 532 1.03 0.000021 0.000010 0.26 0.30024 0.00499 0.0794 0.0020 0.09888 0.00097 3.6603 0.0569 1545 37 1557 22 1603 18 97 1603 18
54.1 670 50 0.07 0.000017 0.000008 -0.05 0.01984 0.00356 0.0462 0.0084 0.07267 0.00141 5.7817 0.0840 914 162 1028 14 1005 40 102 1028 14
55.1 672 120 0.18 0.000029 0.000017 0.32 0.04445 0.00221 0.0546 0.0028 0.08569 0.00070 4.5633 0.0495 1075 54 1277 13 1331 16 96 1331 16
56.1 189 266 1.41 0.000070 0.000040 0.37 0.39705 0.00828 0.0888 0.0027 0.11024 0.00146 3.1805 0.0594 1720 49 1762 29 1803 24 98 1803 24
57.1 415 116 0.28 0.000007 0.000010 0.24 0.07583 0.00259 0.0470 0.0018 0.07556 0.00085 5.7696 0.0913 928 35 1030 15 1084 23 95 1030 15
58.1 315 254 0.81 0.000020 0.000020 0.23 0.23160 0.00593 0.0568 0.0019 0.08736 0.00102 5.0585 0.0872 1116 36 1163 18 1368 23 85 1368 23
59.1 100 33 0.33 0.000022 0.000021 0.81 0.07119 0.01279 0.1381 0.0252 0.27095 0.00389 1.5720 0.0447 2615 453 3174 72 3312 23 96 3312 23
60.1 150 146 0.97 0.000255 0.000130 0.59 0.27326 0.00797 0.0517 0.0023 0.07725 0.00305 5.4433 0.1595 1019 45 1087 29 1128 81 97 1087 29
61.1 483 138 0.29 0.000052 0.000031 0.25 0.08093 0.00392 0.0422 0.0024 0.07572 0.00152 6.7185 0.1917 836 47 894 24 1088 41 82 1088 41
62.1 107 68 0.64 0.000491 0.000151 0.83 0.17669 0.00912 0.0469 0.0029 0.07317 0.00383 5.8853 0.1627 927 55 1012 26 1019 110 99 1012 26
63.1 377 206 0.55 0.000048 0.000027 -0.05 0.16691 0.00570 0.0332 0.0013 0.06059 0.00133 9.1663 0.1308 660 25 667 9 625 48 107 667 9
64.1 783 155 0.20 0.000020 0.000020 0.24 0.05070 0.00299 0.0701 0.0042 0.09258 0.00110 3.6552 0.0383 1368 80 1559 15 1479 23 106 1479 23
65.1 45 49 1.08 0.000224 0.000121 0.40 0.31842 0.01717 0.0311 0.0021 0.06150 0.00525 9.5223 0.3301 619 41 644 21 657 194 98 644 21
66.1 735 736 1.00 0.000018 0.000014 0.21 0.29848 0.00452 0.0520 0.0012 0.08037 0.00076 5.7293 0.0781 1025 22 1037 13 1206 19 86 1206 19
67.1 43 40 0.95 0.000102 0.000189 0.12 0.27441 0.01081 0.0603 0.0035 0.08044 0.00377 4.7922 0.1732 1184 67 1222 40 1208 95 101 1222 40
68.1 239 149 0.63 0.000576 0.000164 1.65 0.19750 0.00487 0.0442 0.0015 0.07352 0.00283 7.1328 0.1367 875 29 846 15 1028 80 83 1028 80
69.1 191 117 0.61 0.000059 0.000075 0.32 0.16141 0.00792 0.0784 0.0044 0.10193 0.00233 3.3564 0.0751 1526 83 1681 33 1659 43 102 1659 43
Overgrowths
22.1 280 4 0.02 0.000020 0.000020 -0.41 0.01359 0.00202 0.0697 0.0104 0.05517 0.00082 13.0024 0.1615 1361 198 478 6 419 33 114 478 6
70.1 386 3 0.01 0.000185 0.000051 -0.06 0.00988 0.00217 0.0917 0.0203 0.05591 0.00116 12.8077 0.1519 1773 380 485 6 449 47 108 485 6
71.1 308 3 0.01 0.000109 0.000065 -0.20 0.00706 0.00186 0.0567 0.0151 0.05576 0.00124 13.1250 0.1339 1115 290 473 5 443 50 107 473 5
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 264 200 0.76 0.000263 0.000105 0.28 0.22287 0.00707 0.0573 0.0022 0.07592 0.00213 5.1394 0.0892 1126 41 1146 18 1093 57 105 1146 18
2.1 374 284 0.76 0.000141 0.000047 0.30 0.22335 0.00804 0.0618 0.0024 0.08109 0.00147 4.7540 0.0523 1213 45 1231 12 1224 36 101 1231 12
3.1 81 76 0.93 0.000981 0.000235 1.93 0.31526 0.00847 0.0591 0.0032 0.07636 0.00407 5.7368 0.2255 1161 60 1036 38 1104 110 94 1036 38
4.1 529 710 1.34 0.000156 0.000055 0.62 0.40550 0.00458 0.0519 0.0011 0.07595 0.00122 5.8210 0.0931 1023 22 1022 15 1094 32 94 1022 15
5.1 169 176 1.04 0.000377 0.000140 0.61 0.32003 0.00755 0.0480 0.0016 0.07642 0.00313 6.3920 0.1225 947 30 937 17 1106 84 85 1106 84
6.1 90 197 2.18 0.000819 0.000185 1.31 0.64242 0.01369 0.0799 0.0029 0.10707 0.00377 3.6931 0.0963 1554 55 1545 36 1750 66 88 1750 66
7.1 129 85 0.66 0.000580 0.000126 1.25 0.19081 0.00692 0.0559 0.0026 0.07985 0.00245 5.1614 0.1218 1100 49 1142 25 1193 62 96 1142 25
8.1 205 229 1.12 0.000374 0.000095 0.67 0.33085 0.00974 0.0541 0.0023 0.07540 0.00244 5.4653 0.1422 1065 44 1083 26 1079 66 100 1083 26
9.1 221 108 0.49 0.000468 0.000096 0.95 0.13652 0.00512 0.0500 0.0021 0.07577 0.00217 5.5959 0.0862 986 40 1060 15 1089 59 98 1060 15
10.1 63 44 0.70 0.002240 0.000518 4.38 0.32028 0.01581 0.0486 0.0031 0.06835 0.00849 9.4223 0.3192 959 60 650 21 879 281 75 650 21
11.1 301 144 0.48 0.000213 0.000053 0.34 0.14465 0.00574 0.0556 0.0032 0.08448 0.00218 5.4291 0.1940 1094 61 1090 36 1304 51 84 1304 51
12.1 214 137 0.64 0.000178 0.000045 0.28 0.18840 0.00358 0.0936 0.0023 0.11110 0.00112 3.1475 0.0423 1808 43 1779 21 1818 18 98 1818 18
13.1 316 65 0.21 0.000255 0.000069 0.55 0.05947 0.00399 0.0563 0.0039 0.07842 0.00182 5.1384 0.0746 1106 75 1146 15 1158 47 99 1146 15
14.1 536 90 0.17 0.000121 0.000043 0.20 0.04900 0.00302 0.0796 0.0050 0.10975 0.00129 3.6683 0.0458 1548 95 1554 17 1795 22 87 1795 22
15.1 606 327 0.54 0.000046 0.000027 0.07 0.16665 0.00191 0.0913 0.0015 0.10670 0.00071 3.3870 0.0323 1765 27 1668 14 1744 12 96 1744 12
16.1 137 77 0.56 0.000665 0.000144 0.61 0.16608 0.00612 0.0636 0.0028 0.07733 0.00249 4.6541 0.0903 1247 53 1255 22 1130 66 111 1255 22
17.1 114 138 1.21 0.001383 0.000289 1.91 0.37405 0.01319 0.0450 0.0025 0.06474 0.00507 6.8884 0.2611 890 48 874 31 766 174 114 874 31
18.1 2272 2218 0.98 0.000077 0.000029 0.14 0.29709 0.00307 0.0282 0.0003 0.05896 0.00090 10.8110 0.0573 561 7 570 3 566 34 101 570 3
19.1 117 75 0.63 0.000961 0.000451 1.62 0.19591 0.00865 0.0506 0.0027 0.07183 0.00741 6.0989 0.1577 998 52 979 24 981 226 100 979 24
20.1 89 45 0.51 0.000634 0.000129 1.02 0.14104 0.00844 0.0799 0.0054 0.09701 0.00318 3.4824 0.0939 1553 102 1627 39 1568 63 104 1568 63
21.1 76 87 1.15 0.001618 0.000300 1.70 0.33250 0.01978 0.0554 0.0037 0.06828 0.00529 5.2399 0.1253 1090 70 1126 25 877 169 127 1126 25
23.1 503 321 0.64 0.000116 0.000065 0.45 0.18673 0.00261 0.0503 0.0011 0.07501 0.00116 5.8070 0.0740 992 20 1024 12 1069 31 96 1024 12
23.1 626 170 0.27 0.000192 0.000055 0.07 0.09119 0.00545 0.0380 0.0023 0.06003 0.00183 8.8167 0.0737 754 45 693 5 605 68 114 693 5
24.1 154 59 0.38 0.000441 0.000116 0.71 0.10395 0.00549 0.0840 0.0050 0.10830 0.00265 3.2512 0.0731 1630 93 1729 34 1771 45 98 1771 45
25.1 178 126 0.71 0.000299 0.000074 0.48 0.20259 0.00656 0.0794 0.0035 0.09892 0.00220 3.5987 0.0943 1545 65 1581 37 1604 42 99 1604 42
26.1 1655 442 0.27 0.000064 0.000015 0.35 0.08151 0.00215 0.0359 0.0010 0.06507 0.00083 8.4970 0.0800 712 20 717 6 777 27 93 717 6
27.1 224 196 0.88 0.000466 0.000095 0.27 0.26471 0.00872 0.0608 0.0027 0.07439 0.00240 4.9586 0.1240 1193 51 1184 27 1052 66 112 1184 27
28.1 118 136 1.15 0.000663 0.000142 0.83 0.34836 0.01229 0.0617 0.0033 0.07681 0.00347 4.9191 0.1780 1211 64 1193 40 1116 93 107 1193 40
29.1 97 93 0.97 0.000536 0.000144 0.86 0.27994 0.00760 0.0830 0.0031 0.10060 0.00290 3.4946 0.0750 1611 57 1622 31 1635 55 99 1635 55
30.1 126 155 1.23 0.000284 0.000095 0.46 0.37912 0.00630 0.0612 0.0016 0.08412 0.00194 5.0359 0.0851 1200 30 1168 18 1295 46 90 1168 18
31.1 367 182 0.50 0.000111 0.000028 0.18 0.14229 0.00242 0.0909 0.0021 0.11447 0.00086 3.1595 0.0438 1759 40 1773 22 1872 14 95 1872 14
32.1 353 287 0.81 0.000118 0.000035 0.19 0.23791 0.00504 0.0791 0.0020 0.10190 0.00161 3.6983 0.0422 1539 38 1543 16 1659 30 93 1659 30
33.1 71 68 0.96 0.001732 0.000585 2.36 0.26926 0.00871 0.0457 0.0021 0.06819 0.00933 6.1543 0.1832 903 41 971 27 874 313 111 971 27
34.1 318 146 0.46 0.000229 0.000040 0.37 0.13491 0.00490 0.0869 0.0035 0.10882 0.00179 3.3733 0.0479 1685 65 1674 21 1780 30 94 1780 30
35.1 1376 578 0.42 0.000073 0.000019 0.12 0.12504 0.00193 0.0524 0.0009 0.08040 0.00046 5.6841 0.0325 1032 17 1045 6 1207 11 87 1207 11
36.1 869 450 0.52 0.000044 0.000023 0.07 0.16592 0.00249 0.0887 0.0016 0.10989 0.00092 3.6127 0.0257 1717 29 1575 10 1798 15 88 1798 15
37.1 1826 229 0.13 0.000039 0.000012 0.06 0.04054 0.00187 0.0607 0.0029 0.09219 0.00065 5.3173 0.0508 1191 55 1111 10 1471 13 76 1471 13
38.1 112 100 0.89 0.001072 0.000190 0.82 0.28232 0.00892 0.0552 0.0027 0.06620 0.00352 5.7559 0.1870 1085 51 1033 31 813 115 126 1033 31
39.1 14 14 0.99 0.006720 0.001350 12.38 0.26105 0.04456 0.0428 0.0080 0.08776 0.02335 6.1863 0.4149 846 156 966 60 1377 622 71 966 60
40.1 452 124 0.27 0.000108 0.000032 0.18 0.08501 0.00475 0.0803 0.0048 0.10621 0.00166 3.8575 0.0702 1561 90 1486 24 1735 29 86 1735 29
41.1 203 111 0.55 0.000656 0.000028 0.84 0.16602 0.00558 0.0427 0.0015 0.06586 0.00190 7.0982 0.0638 846 29 850 7 802 62 106 850 7
42.1 305 146 0.48 0.000227 0.000062 0.59 0.12505 0.00327 0.0475 0.0014 0.07802 0.00138 5.4899 0.0631 938 27 1079 11 1147 35 94 1079 11
43.1 50 25 0.49 0.001127 0.000266 1.80 0.20103 0.01584 0.0822 0.0082 0.10064 0.00576 4.9448 0.2556 1597 154 1187 56 1636 110 73 1636 110
44.1 120 64 0.54 0.000251 0.000052 0.39 0.14760 0.00499 0.1521 0.0060 0.23646 0.00168 1.8077 0.0299 2861 105 2838 38 3096 11 92 3096 11
45.1 152 82 0.54 0.000438 0.000230 0.70 0.15825 0.00601 0.0780 0.0040 0.09637 0.00408 3.7817 0.1108 1517 75 1513 40 1555 82 97 1555 82
46.1 66 137 2.08 0.001696 0.000294 2.28 0.64264 0.01352 0.0596 0.0021 0.07429 0.00566 5.1935 0.1322 1171 41 1135 27 1050 162 108 1135 27
47.1 210 157 0.75 0.000347 0.000162 0.70 0.22454 0.00945 0.0564 0.0030 0.07857 0.00317 5.3188 0.1587 1109 58 1111 31 1161 82 96 1111 31
Table 4.5. U-Th-Pb isotopic analyses of zircon from the Harts Range Meta-igneous Complex, Mt Ruby, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
48.1 212 93 0.44 0.000537 0.000102 0.89 0.12868 0.00418 0.0464 0.0019 0.07141 0.00206 6.3260 0.1310 917 36 946 18 969 60 98 946 18
49.1 953 639 0.67 0.000132 0.000024 0.21 0.21078 0.00305 0.0544 0.0011 0.08081 0.00111 5.7745 0.0591 1070 20 1030 10 1217 27 85 1217 27
50.1 270 446 1.65 0.000147 0.000067 0.49 0.49846 0.00705 0.0586 0.0014 0.08092 0.00164 5.1465 0.0897 1152 27 1145 18 1219 40 94 1145 18
51.1 244 169 0.69 0.000546 0.000093 0.42 0.20707 0.00489 0.0513 0.0016 0.06969 0.00204 5.8440 0.0958 1011 30 1018 15 919 61 110 1018 15
52.1 292 124 0.43 0.000335 0.000091 0.93 0.12387 0.00726 0.0415 0.0028 0.07169 0.00269 7.0172 0.1851 821 54 859 21 977 79 88 859 21
53.1 44 9 0.20 0.004602 0.000853 6.81 0.07183 0.01531 0.0337 0.0075 0.05371 0.01437 10.9120 0.6336 670 148 565 32 359 753 157 565 32
54.1 138 130 0.94 0.000803 0.000383 0.84 0.28400 0.00691 0.0601 0.0020 0.07559 0.00606 5.0324 0.0965 1180 38 1168 21 1084 170 107 1168 21
55.1 762 333 0.44 0.000063 0.000027 0.35 0.12351 0.00262 0.0751 0.0018 0.09801 0.00101 3.7694 0.0319 1463 33 1517 11 1587 19 96 1587 19
56.1 216 152 0.70 0.000384 0.000077 0.63 0.20959 0.00557 0.0583 0.0018 0.07896 0.00149 5.1181 0.0715 1145 35 1151 15 1171 38 98 1151 15
57.1 102 97 0.95 0.000974 0.000196 1.33 0.27671 0.00951 0.0509 0.0023 0.07235 0.00382 5.7242 0.1490 1004 45 1038 25 996 111 104 1038 25
58.1 151 126 0.83 0.000374 0.000156 0.90 0.25035 0.00678 0.0571 0.0022 0.08020 0.00266 5.2804 0.1174 1122 41 1118 23 1202 67 93 1118 23
59.1 2550 15 0.01 0.000038 0.000007 0.06 0.00111 0.00068 0.0327 0.0200 0.07900 0.00029 5.7076 0.0377 650 396 1041 6 1172 7 89 1172 7
60.1 14 30 2.13 0.005480 0.001508 9.39 0.65618 0.03210 0.0531 0.0040 0.08026 0.02557 5.8102 0.2814 1045 77 1024 46 1203 804 86 1024 46
62.1 263 99 0.38 0.001081 0.000135 1.74 0.09024 0.00477 0.0441 0.0025 0.08622 0.00265 5.4524 0.0932 873 48 1086 17 1343 61 81 1343 61
Overgrowths
18.2 339 7 0.02 0.000625 0.000099 0.75 0.00455 0.00273 0.0148 0.0089 0.05360 0.00184 14.1870 0.1645 297 178 439 5 354 79 124
15.2 414 29 0.07 0.000182 0.000055 0.46 0.02149 0.00305 0.0221 0.0032 0.05751 0.00145 14.0350 0.1383 443 63 444 4 511 57 87
50.2 207 7 0.03 0.000880 0.000231 1.13 0.01026 0.00269 0.0234 0.0062 0.05389 0.00371 13.4470 0.1457 467 122 462 5 366 163 126
52.2 283 6 0.02 0.000620 0.000150 1.10 0.00374 0.00266 0.0130 0.0093 0.05742 0.00247 13.4140 0.1442 262 187 464 5 508 97 91
49.2 391 8 0.02 0.000466 0.000077 0.80 0.00316 0.00276 0.0120 0.0104 0.05693 0.00158 13.5140 0.1237 240 209 460 4 489 62 94
63.1 345 7 0.02 0.000344 0.000070 0.46 0.00513 0.00209 0.0194 0.0079 0.05550 0.00131 13.5660 0.1630 389 158 458 5 432 53 106
64.1 268 8 0.03 0.000358 0.000083 0.39 0.00978 0.00377 0.0230 0.0089 0.05466 0.00197 13.5500 0.1788 459 176 459 6 398 83 115
65.1 347 8 0.02 0.000455 0.000173 0.59 0.00820 0.00209 0.0281 0.0072 0.05527 0.00278 13.4010 0.1402 560 141 464 5 423 116 110
66.1 202 4 0.02 0.001379 0.000282 1.65 0.00974 0.00572 0.0342 0.0201 0.05137 0.00480 13.3660 0.2372 679 397 465 8 257 230 180
67.1 109 23 0.21 0.000929 0.000244 2.06 0.06010 0.00520 0.0218 0.0019 0.06193 0.00406 13.2290 0.1961 436 38 470 7 672 147 70
68.1 219 5 0.02 0.000587 0.000120 0.89 0.00361 0.00260 0.0113 0.0081 0.05590 0.00210 13.5820 0.1400 226 162 458 5 448 86 102
69.1 230 6 0.03 0.000683 0.000122 0.99 0.01168 0.00284 0.0309 0.0076 0.05542 0.00216 13.5110 0.2025 616 149 460 7 429 89 107
48.2 279 17 0.06 0.000050 0.000033 0.03 0.01919 0.00258 0.0243 0.0033 0.05618 0.00105 13.2700 0.1908 485 65 468 7 459 42 102
70.1 38 18 0.46 0.002646 0.000563 4.74 0.15881 0.01742 0.0262 0.0030 0.06147 0.00977 13.0690 0.3960 524 60 475 14 656 384 73
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 383 508 1.33 0.000305 0.000412 0.31 0.41361 0.01139 0.0302 0.0010 0.05825 0.00713 10.3071 0.1731 602 20 597 10 539 293 111 597 10
2.1 548 326 0.60 0.000013 0.000011 0.02 0.16806 0.00566 0.0897 0.0040 0.11088 0.00128 3.1473 0.0779 1736 75 1779 39 1814 21 98 1814 21
3.1 1392 507 0.36 0.000083 0.000044 0.27 0.09822 0.00316 0.0386 0.0015 0.06909 0.00120 6.9776 0.1133 766 28 863 13 901 36 96 863 13
5.1 82 72 0.88 0.001289 0.000508 1.90 0.27709 0.01784 0.0629 0.0049 0.07751 0.00841 5.0036 0.1880 1233 93 1175 40 1134 233 103 1175 40
6.1 297 154 0.52 0.000020 0.000020 0.03 0.15176 0.00661 0.1066 0.0056 0.13536 0.00184 2.7442 0.0684 2047 102 2003 43 2169 24 92 2169 24
7.1 406 863 2.12 0.000315 0.000216 0.43 0.64543 0.02100 0.0263 0.0012 0.05745 0.00442 11.5665 0.3332 524 23 535 15 509 179 105 535 15
7.2 396 688 1.74 0.000205 0.000097 0.37 0.49115 0.01679 0.0242 0.0010 0.05837 0.00206 11.6861 0.2348 483 19 529 10 544 79 97 529 10
8.1 206 188 0.91 0.000426 0.000431 1.36 0.22662 0.02027 0.0233 0.0022 0.06549 0.00723 10.6178 0.2939 466 44 580 15 790 251 74 580 15
9.1 259 180 0.70 0.000157 0.000277 0.81 0.20414 0.00705 0.0514 0.0028 0.07895 0.00468 5.7070 0.2104 1013 54 1041 36 1171 122 89 1041 36
10.1 37 49 1.34 0.000574 0.000761 3.01 0.38398 0.02698 0.0517 0.0047 0.09354 0.01304 5.5658 0.2965 1018 91 1065 53 1499 290 73 1065 53
11.1 540 315 0.58 0.000063 0.000053 0.61 0.15821 0.00400 0.0519 0.0015 0.08168 0.00126 5.2347 0.0576 1022 28 1127 11 1238 31 92 1238 31
12.1 114 192 1.68 0.000557 0.000405 0.97 0.50724 0.02548 0.0562 0.0039 0.07684 0.00765 5.3690 0.2152 1105 74 1101 41 1117 213 99 1101 41
13.1 1325 330 0.25 0.001567 0.000154 2.86 0.05656 0.00494 0.0215 0.0019 0.06264 0.00297 10.5544 0.1263 430 38 584 7 696 104 84 584 7
15.1 104 109 1.05 0.000927 0.000383 2.08 0.30944 0.02526 0.0744 0.0077 0.09731 0.00914 3.9602 0.2178 1449 146 1451 72 1573 187 93 1451 72
16.1 162 152 0.94 0.000096 0.000109 0.15 0.27282 0.01000 0.0919 0.0052 0.11224 0.00309 3.1564 0.1152 1776 96 1774 57 1836 51 97 1836 51
17.1 195 135 0.69 0.000323 0.000176 1.19 0.21286 0.01225 0.0399 0.0025 0.07168 0.00330 7.6960 0.1492 790 48 788 14 977 97 81 788 14
18.1 1037 240 0.23 0.000072 0.000025 0.31 0.06232 0.00409 0.0510 0.0035 0.07858 0.00159 5.2725 0.0832 1005 67 1120 16 1162 41 97 1120 16
19.1 675 566 0.84 0.000213 0.000092 0.43 0.23104 0.00541 0.0222 0.0006 0.05803 0.00187 12.4208 0.1490 444 12 499 6 531 72 94 499 6
20.1 722 972 1.35 0.000121 0.000030 0.19 0.37919 0.00320 0.0950 0.0015 0.10923 0.00084 2.9670 0.0327 1834 28 1872 18 1787 14 105 1787 14
21.1 616 81 0.13 0.000032 0.000017 0.05 0.03603 0.00338 0.0949 0.0090 0.12166 0.00127 2.8790 0.0327 1832 167 1922 19 1981 19 97 1981 19
22.1 407 421 1.03 0.000077 0.000063 0.12 0.29450 0.00631 0.1303 0.0034 0.16652 0.00189 2.1874 0.0298 2475 62 2427 28 2523 19 96 2523 19
23.1 541 105 0.19 0.000188 0.000048 0.30 0.03026 0.00327 0.0453 0.0050 0.11552 0.00127 3.4438 0.0383 895 96 1643 16 1888 20 87 1888 20
24.1 440 103 0.23 0.000444 0.000244 0.32 0.06802 0.00550 0.0319 0.0027 0.05838 0.00423 9.1266 0.1512 635 52 670 11 544 167 123 670 11
25.1 250 102 0.41 0.000131 0.000072 0.21 0.11882 0.00470 0.0896 0.0043 0.13545 0.00185 3.2316 0.0735 1734 80 1738 35 2170 24 80 2170 24
26.1 710 644 0.91 0.000112 0.000041 0.18 0.23877 0.00540 0.0848 0.0027 0.10817 0.00186 3.1042 0.0584 1645 50 1800 30 1769 32 102 1769 32
27.1 765 805 1.05 0.000078 0.000048 -0.09 0.31752 0.00498 0.0543 0.0012 0.07302 0.00140 5.5526 0.0732 1069 23 1068 13 1014 39 105 1065 13
28.1 333 101 0.30 0.000308 0.000235 0.71 0.09054 0.00538 0.0535 0.0034 0.07678 0.00397 5.5673 0.1135 1053 66 1065 20 1115 107 96 1065 20
29.1 408 281 0.69 0.000197 0.000104 0.52 0.20383 0.00529 0.0344 0.0012 0.06473 0.00202 8.6257 0.1714 683 23 707 13 766 67 93 707 13
30.1 171 141 0.82 0.000344 0.000256 0.55 0.22922 0.00745 0.0816 0.0039 0.09694 0.00457 3.4173 0.1035 1585 73 1655 44 1566 91 106 1566 91
31.1 342 116 0.34 0.000010 0.000020 0.02 0.09920 0.00833 0.0946 0.0082 0.11554 0.00308 3.0929 0.0471 1828 152 1806 24 1888 49 96 1888 49
32.1 721 429 0.60 0.000020 0.000020 0.03 0.18250 0.00695 0.0279 0.0014 0.06255 0.00126 10.9990 0.2852 555 27 561 14 693 44 81 693 44
33.1 119 86 0.72 0.000631 0.000477 0.30 0.22675 0.01427 0.0664 0.0047 0.07508 0.00774 4.7479 0.1284 1299 89 1232 30 1071 222 114 1232 30
34.1 822 49 0.06 0.000032 0.000014 0.05 0.01569 0.00822 0.0864 0.0453 0.11871 0.00311 3.0311 0.0653 1676 861 1838 35 1937 48 95 1937 48
35.1 124 95 0.77 0.000280 0.000135 0.45 0.22953 0.00697 0.0857 0.0036 0.09791 0.00275 3.4972 0.0867 1661 67 1621 36 1585 53 102 1585 53
36.1 846 127 0.15 0.000008 0.000010 0.01 0.04677 0.00274 0.0904 0.0055 0.11384 0.00100 3.4537 0.0474 1749 103 1639 20 1862 16 88 1862 16
37.1 794 337 0.42 0.000115 0.000043 0.21 0.12333 0.00287 0.0433 0.0012 0.06906 0.00103 6.7137 0.0880 856 23 895 11 900 31 99 895 11
38.1 665 943 1.42 0.000155 0.000094 0.25 0.42287 0.01040 0.0266 0.0008 0.06282 0.00278 11.2448 0.1608 530 16 549 8 702 97 78 549 8
39.1 797 383 0.48 0.000280 0.000098 0.38 0.13953 0.00843 0.0283 0.0019 0.05926 0.00267 10.2610 0.2908 564 38 599 16 577 101 104 599 16
40.1 700 1243 1.78 0.001444 0.000302 2.06 0.48835 0.00914 0.0247 0.0006 0.05630 0.00491 11.1381 0.1710 493 12 554 8 464 206 119 554 8
41.1 376 73 0.19 0.000160 0.000109 0.43 0.05234 0.00804 0.0404 0.0063 0.07052 0.00353 6.6784 0.1755 801 123 899 22 944 106 96 899 22
42.1 479 556 1.16 0.000082 0.000129 0.46 0.33804 0.00611 0.0324 0.0010 0.06512 0.00231 8.9947 0.1849 644 19 680 13 778 76 88 680 13
43.1 174 152 0.87 0.000362 0.000148 0.46 0.25456 0.01062 0.0590 0.0032 0.07858 0.00291 4.9362 0.1450 1159 61 1189 32 1162 75 102 1189 32
44.1 284 322 1.14 0.000168 0.000083 0.36 0.33746 0.00723 0.0562 0.0020 0.07757 0.00179 5.2903 0.1318 1105 39 1116 26 1136 47 98 1116 26
45.1 484 413 0.85 0.000052 0.000054 -0.37 0.27452 0.00701 0.0568 0.0021 0.07016 0.00234 5.6685 0.1318 1116 41 1047 23 933 70 112 1043 22
46.1 421 212 0.50 0.000154 0.000080 0.38 0.14656 0.00887 0.0479 0.0030 0.07315 0.00284 6.0888 0.0826 946 58 980 12 1018 81 96 980 12
47.1 974 598 0.61 0.000173 0.000147 0.27 0.18278 0.00572 0.0432 0.0017 0.06811 0.00306 6.8821 0.1303 856 32 875 16 872 96 100 875 16
48.1 206 180 0.87 0.000061 0.000056 0.10 0.26469 0.01020 0.0765 0.0035 0.10224 0.00225 3.9695 0.0816 1489 66 1448 27 1665 41 87 1665 41
49.1 369 236 0.64 0.000020 0.000020 0.39 0.19597 0.00832 0.0307 0.0017 0.06353 0.00180 9.9648 0.3028 612 33 616 18 726 61 85 616 18
Table 4.6. U-Th-Pb isotopic analyses of zircon from calc-silicate rock, upper Brady Gneiss, Harts Range Group
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
50.1 230 175 0.76 0.000597 0.000453 0.76 0.22629 0.00929 0.0324 0.0016 0.06001 0.00737 9.1762 0.2006 644 30 667 14 604 290 110 667 14
51.1 154 56 0.37 0.000127 0.000077 0.20 0.10888 0.00571 0.0922 0.0055 0.11378 0.00217 3.2244 0.0696 1783 102 1741 33 1861 35 94 1861 35
52.1 853 872 1.02 0.000003 0.000004 0.01 0.29052 0.00413 0.0908 0.0023 0.11232 0.00101 3.1283 0.0543 1757 42 1788 27 1837 16 97 1837 16
53.1 361 729 2.02 0.000170 0.000087 0.50 0.58650 0.01027 0.0410 0.0013 0.06952 0.00193 7.0669 0.1700 813 26 853 19 914 58 94 853 19
54.1 505 347 0.69 0.000215 0.000087 -0.09 0.21121 0.00512 0.0328 0.0011 0.05749 0.00175 9.3694 0.1796 653 21 654 12 510 68 128 651 12
55.1 358 204 0.57 0.000211 0.000136 0.44 0.18556 0.00641 0.0365 0.0015 0.06318 0.00265 8.9499 0.1715 724 29 683 12 714 92 96 683 12
56.1 694 252 0.36 0.000222 0.000078 0.58 0.10577 0.00426 0.0280 0.0012 0.06165 0.00167 10.4459 0.1451 557 24 589 8 662 59 89 589 8
57.1 742 423 0.57 0.000375 0.000101 0.47 0.15678 0.00487 0.0261 0.0010 0.05824 0.00202 10.5700 0.2334 520 21 583 12 539 78 108 583 12
58.1 152 96 0.63 0.000540 0.000368 1.02 0.19619 0.00938 0.0302 0.0019 0.06118 0.00612 10.3105 0.3601 601 37 597 20 646 231 93 597 20
Overgrowths
        B1.1 749 82 0.11 0.000118 0.000042 0.28 0.01703 0.00192 0.0115 0.0013 0.05687 0.00096 13.5400 0.0966 230 26 459 3 487 38 95
        B2.1 433 45 0.10 0.000010 0.000009 0.08 0.03032 0.00206 0.0225 0.0016 0.05685 0.00073 12.9410 0.1067 450 31 480 4 486 29 99
        B3.1 716 67 0.09 0.000019 0.000011 0.06 0.02856 0.00135 0.0225 0.0011 0.05651 0.00049 13.4520 0.0885 450 21 462 3 472 19 98
        B4.1 27 1 0.04 0.001215 0.000588 0.51 0.00006 0.00527 0.0001 0.0079 0.03925 0.00948 17.4570 0.2829 2 160 359 6 0 0 0
        B4.2 1052 66 0.06 0.000020 0.000020 0.02 0.01964 0.00234 0.0232 0.0028 0.05617 0.00093 13.6060 0.1146 463 55 457 4 459 37 100
        B5.1 701 72 0.10 0.000027 0.000030 -0.01 0.03085 0.00160 0.0227 0.0012 0.05581 0.00072 13.1450 0.1017 454 24 473 4 445 29 106
        B6.1 621 32 0.05 0.000016 0.000013 0.05 0.01492 0.00196 0.0223 0.0029 0.05653 0.00076 12.8650 0.1025 445 58 483 4 473 30 102
        B6.2 482 25 0.05 0.000139 0.000062 0.35 0.01616 0.00240 0.0226 0.0034 0.05715 0.00126 13.9410 0.1152 451 67 447 4 497 49 90
        B7.1 732 58 0.08 0.000020 0.000020 0.04 0.02303 0.00185 0.0226 0.0018 0.05636 0.00067 12.8880 0.0967 452 36 482 3 467 27 103
        B8.1 102 8 0.08 0.000580 0.000159 0.77 -0.00898 0.00327 -0.0065 -0.0026 0.05117 0.00280 17.3550 0.2236 0 0 361 5 249 131 145
        B9.1 604 52 0.09 0.000001 0.000002 0.11 0.02374 0.00151 0.0206 0.0013 0.05719 0.00052 13.3050 0.1146 412 26 467 4 499 20 94
       B10.1 716 76 0.11 0.000033 0.000015 0.00 0.03354 0.00203 0.0230 0.0014 0.05584 0.00076 13.6430 0.0930 460 28 456 3 446 31 102
       B10.2 627 64 0.10 0.000014 0.000010 0.02 0.03342 0.00193 0.0241 0.0014 0.05624 0.00068 13.6450 0.1294 481 28 456 4 462 27 99
       B11.1 707 66 0.09 0.000014 0.000010 0.07 0.02759 0.00254 0.0218 0.0020 0.05670 0.00094 13.5110 0.0772 435 40 460 3 480 37 96
       B12.1 77 13 0.17 0.000871 0.000473 0.62 0.02643 0.00790 0.0096 0.0029 0.05136 0.00795 16.5180 0.2433 192 57 379 5 257 321 146
       B14.1 1045 91 0.09 0.000020 0.000020 -0.10 0.02977 0.00144 0.0254 0.0013 0.05525 0.00059 13.5030 0.0880 507 25 461 3 422 24 109
       B15.1 584 60 0.10 0.000048 0.000032 -0.03 0.03478 0.00249 0.0246 0.0018 0.05539 0.00104 13.8470 0.1123 492 35 450 4 428 42 105
       B16.1 618 33 0.05 0.000020 0.000020 0.19 0.01252 0.00168 0.0173 0.0023 0.05754 0.00068 13.6710 0.1246 347 46 455 4 512 26 89
       B16.2 514 14 0.03 0.000020 0.000020 -0.01 0.00950 0.00181 0.0256 0.0049 0.05594 0.00074 13.6380 0.1260 512 97 456 4 450 30 101
       B17.1 766 33 0.04 0.000048 0.000022 0.06 0.01177 0.00228 0.0211 0.0041 0.05607 0.00093 13.0280 0.1311 422 81 477 5 455 37 105
       B18.1 611 58 0.10 0.000191 0.000068 0.53 0.02586 0.00224 0.0199 0.0018 0.05786 0.00132 13.6140 0.1318 399 35 457 4 524 51 87
       B19.1 487 37 0.08 0.000003 0.000004 -0.03 0.02316 0.00206 0.0230 0.0021 0.05601 0.00067 13.4140 0.1090 459 41 464 4 453 27 102
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 277 155 0.56 0.000663 0.000183 1.04 0.16693 0.00689 0.0796 0.0036 0.10601 0.00322 3.7478 0.0563 1548 67 1525 20 1732 57 88 1732 57
3.1 2861 157 0.06 0.000020 0.000003 0.03 0.01518 0.00028 0.1099 0.0022 0.14142 0.00036 2.5118 0.0126 2107 40 2160 9 2245 4 96 2245 4
4.1 190 94 0.49 0.000106 0.000044 0.17 0.14232 0.00305 0.0899 0.0033 0.10596 0.00175 3.2211 0.0814 1740 61 1743 39 1731 31 101 1731 31
5.1 1111 953 0.86 0.000184 0.000024 0.29 0.24813 0.00268 0.0885 0.0014 0.10637 0.00080 3.2663 0.0304 1715 25 1722 14 1738 14 99 1738 14
6.1 487 268 0.55 0.000051 0.000016 0.08 0.15743 0.00156 0.0886 0.0014 0.10715 0.00101 3.2304 0.0342 1715 26 1739 16 1751 17 99 1751 17
7.1 94 38 0.41 0.000073 0.000037 0.10 0.11865 0.00271 0.1379 0.0059 0.17997 0.00346 2.1077 0.0611 2612 106 2503 60 2653 32 94 2653 32
8.1 725 1059 1.46 0.000040 0.000015 0.06 0.41616 0.00317 0.0905 0.0019 0.10639 0.00054 3.1451 0.0515 1752 35 1780 26 1739 9 102 1739 9
9.1 693 538 0.78 0.000039 0.000012 0.06 0.23206 0.00262 0.0895 0.0015 0.10672 0.00094 3.3418 0.0362 1733 28 1688 16 1744 16 97 1744 16
10.2 101 48 0.47 0.000257 0.000087 0.40 0.13622 0.00398 0.0905 0.0051 0.10899 0.00179 3.1719 0.1291 1751 95 1767 63 1783 30 99 1783 30
11.1 157 134 0.85 0.000438 0.000079 0.68 0.24371 0.00478 0.0896 0.0025 0.10732 0.00195 3.1957 0.0505 1734 46 1755 24 1755 34 100 1755 34
12.1 469 159 0.34 0.000117 0.000049 0.18 0.09976 0.00202 0.0879 0.0022 0.10679 0.00118 3.3415 0.0409 1703 40 1688 18 1745 20 97 1745 20
13.1 486 255 0.52 0.000119 0.000039 0.19 0.15289 0.00271 0.0850 0.0027 0.10770 0.00095 3.4297 0.0771 1649 51 1649 33 1761 16 94 1761 16
14.1 558 118 0.21 0.000032 0.000036 0.05 0.06788 0.00178 0.0856 0.0026 0.10642 0.00107 3.7566 0.0424 1659 48 1522 15 1739 19 88 1739 19
17.1 190 115 0.61 0.000269 0.000069 0.42 0.17861 0.00336 0.0820 0.0024 0.10734 0.00205 3.5920 0.0631 1593 44 1583 25 1755 35 90 1755 35
18.1 362 373 1.03 0.000084 0.000020 0.13 0.29368 0.00395 0.0855 0.0018 0.10568 0.00083 3.3286 0.0385 1658 33 1693 17 1726 15 98 1726 15
19.1 225 85 0.38 0.000234 0.000086 0.36 0.10819 0.00409 0.0980 0.0042 0.11343 0.00177 2.9275 0.0522 1889 78 1894 29 1855 29 102 1855 29
20.1 354 466 1.32 0.000133 0.000038 0.21 0.37903 0.00458 0.0851 0.0018 0.10715 0.00092 3.3810 0.0495 1650 34 1670 22 1752 16 95 1752 16
21.1 304 76 0.25 0.000130 0.000035 0.20 0.06906 0.00269 0.0900 0.0041 0.10740 0.00127 3.0743 0.0636 1741 77 1815 33 1756 22 103 1756 22
22.1 52 68 1.30 0.000358 0.000086 0.50 0.34972 0.00686 0.1456 0.0091 0.17339 0.00393 1.8438 0.0950 2748 161 2793 118 2591 38 108 2591 38
23.1 297 330 1.11 0.000182 0.000060 0.28 0.31694 0.00321 0.0866 0.0017 0.10732 0.00123 3.2955 0.0467 1679 32 1708 21 1754 21 97 1754 21
24.1 480 234 0.49 0.000048 0.000014 0.08 0.14361 0.00121 0.0941 0.0019 0.10738 0.00093 3.1275 0.0475 1817 35 1789 24 1755 16 102 1755 16
26.1 237 86 0.36 0.001332 0.000119 2.11 0.12022 0.00818 0.0976 0.0070 0.11329 0.00295 3.5136 0.0309 1882 129 1615 13 1853 48 90 1853 48
27.1 324 260 0.80 0.000065 0.000018 0.10 0.23023 0.00200 0.0927 0.0016 0.10828 0.00130 3.0895 0.0400 1792 30 1808 20 1771 22 102 1771 22
28.1 286 49 0.17 0.000174 0.000032 0.27 0.04724 0.00141 0.0897 0.0031 0.10846 0.00113 3.0458 0.0441 1737 57 1830 23 1774 19 103 1774 19
29.1 213 176 0.82 0.000086 0.000024 0.13 0.24169 0.00239 0.0939 0.0016 0.11135 0.00086 3.1281 0.0349 1814 30 1788 17 1822 14 98 1822 14
30.1 129 90 0.70 0.000120 0.000057 0.19 0.20041 0.00661 0.0910 0.0034 0.11001 0.00133 3.1685 0.0475 1759 64 1768 23 1800 22 98 1800 22
31.1 921 252 0.27 0.000469 0.000065 0.74 0.07183 0.00257 0.0651 0.0025 0.10313 0.00112 4.0343 0.0256 1275 47 1428 8 1681 20 85 1681 20
32.1 276 105 0.38 0.000353 0.000074 0.55 0.10798 0.00309 0.0825 0.0030 0.10482 0.00236 3.4264 0.0672 1601 57 1651 29 1711 42 96 1711 42
33.1 496 47 0.09 0.000336 0.000042 0.51 0.02752 0.00155 0.0932 0.0054 0.12634 0.00099 3.1229 0.0280 1800 100 1791 14 2048 14 88 2048 14
34.1 465 143 0.31 0.000010 0.000004 0.02 0.09098 0.00141 0.0897 0.0021 0.10658 0.00076 3.3001 0.0477 1736 40 1706 22 1742 13 98 1742 13
35.1 228 104 0.45 0.000139 0.000042 0.22 0.12943 0.00265 0.0835 0.0025 0.10757 0.00224 3.4177 0.0596 1621 46 1655 25 1759 39 94 1759 39
36.1 77 47 0.62 0.000439 0.000170 0.68 0.17012 0.00774 0.0924 0.0051 0.10673 0.00306 2.9507 0.0763 1786 94 1881 42 1744 53 107 1744 53
37.1 247 182 0.74 0.000088 0.000024 0.14 0.21064 0.00354 0.0906 0.0025 0.10645 0.00139 3.1558 0.0583 1752 46 1775 29 1740 24 102 1740 24
38.1 331 157 0.47 0.000049 0.000020 0.08 0.13370 0.00147 0.0901 0.0019 0.10865 0.00069 3.1334 0.0434 1743 35 1786 22 1777 12 101 1777 12
39.1 182 81 0.45 0.000305 0.000151 0.49 0.15565 0.00635 0.0705 0.0031 0.09684 0.00267 4.9462 0.0624 1377 59 1187 14 1564 53 76 1564 53
40.1 158 91 0.57 0.000069 0.000043 0.11 0.16199 0.00497 0.0929 0.0035 0.11083 0.00194 3.0484 0.0578 1795 65 1829 30 1813 32 101 1813 32
42.1 189 85 0.45 0.000132 0.000038 0.21 0.12687 0.00220 0.0843 0.0023 0.10911 0.00154 3.3564 0.0621 1635 43 1681 27 1785 26 94 1785 26
44.1 608 593 0.98 0.000074 0.000017 0.12 0.28717 0.00295 0.0747 0.0012 0.10371 0.00081 3.9404 0.0439 1455 23 1458 15 1692 15 86 1692 15
45.1 398 466 1.17 0.000073 0.000018 0.11 0.31971 0.00756 0.0860 0.0029 0.10654 0.00061 3.1700 0.0689 1668 53 1768 34 1741 11 102 1741 11
46.1 420 70 0.17 0.000173 0.000037 0.27 0.04857 0.00153 0.0859 0.0034 0.10624 0.00094 3.3732 0.0651 1666 63 1674 29 1736 16 96 1736 16
47.1 242 77 0.32 0.000090 0.000036 0.14 0.10205 0.00190 0.0889 0.0025 0.10390 0.00119 3.6043 0.0636 1722 45 1579 25 1695 21 93 1695 21
48.1 1073 849 0.79 0.000051 0.000011 0.08 0.21912 0.00238 0.0797 0.0011 0.10602 0.00060 3.4781 0.0262 1549 21 1629 11 1732 10 94 1732 10
49.1 561 601 1.07 0.000035 0.000015 0.06 0.30631 0.00318 0.0864 0.0012 0.10608 0.00055 3.3094 0.0239 1675 22 1702 11 1733 10 98 1733 10
50.1 193 133 0.69 0.000641 0.000200 1.00 0.21451 0.00851 0.0948 0.0050 0.10647 0.00332 3.2714 0.0950 1831 92 1719 44 1740 58 99 1740 58
51.1 290 151 0.52 0.000237 0.000055 0.37 0.14687 0.00358 0.0826 0.0025 0.10556 0.00155 3.4149 0.0522 1604 47 1656 22 1724 27 96 1724 27
52.1 150 132 0.88 0.000097 0.000049 0.15 0.25449 0.00447 0.0873 0.0022 0.10780 0.00121 3.3100 0.0516 1692 41 1702 23 1763 21 97 1763 21
53.1 277 309 1.12 0.000978 0.000182 1.54 0.36277 0.00707 0.0850 0.0022 0.10484 0.00305 3.8202 0.0540 1650 41 1499 19 1712 55 88 1712 55
Table 4.7. U-Th-Pb isotopic analyses of zircon from quartzite, Mount Bird
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
54.1 307 246 0.80 0.000399 0.000056 0.63 0.23945 0.01001 0.0803 0.0042 0.10577 0.00201 3.7196 0.0995 1561 78 1535 37 1728 35 89 1728 35
55.1 189 153 0.81 0.000104 0.000101 0.16 0.23024 0.00476 0.0869 0.0024 0.10379 0.00185 3.2764 0.0503 1684 45 1717 23 1693 33 101 1693 33
57.2 272 253 0.93 0.000182 0.000033 0.28 0.26092 0.00273 0.0869 0.0019 0.10760 0.00094 3.2289 0.0547 1684 36 1739 26 1759 16 99 1759 16
58.1 166 133 0.80 0.000121 0.000046 0.19 0.22763 0.00381 0.0796 0.0033 0.10717 0.00214 3.5722 0.1175 1549 63 1591 47 1752 37 91 1752 37
59.2 222 106 0.48 0.000010 0.000012 0.02 0.14349 0.00159 0.0941 0.0020 0.11312 0.00076 3.1806 0.0459 1818 36 1762 22 1850 12 95 1850 12
64.1 478 421 0.88 0.000018 0.000010 0.03 0.24485 0.00178 0.0826 0.0011 0.10656 0.00091 3.3683 0.0330 1603 21 1676 14 1741 16 96 1741 16
65.1 520 444 0.85 0.000024 0.000019 0.04 0.24091 0.00159 0.0835 0.0016 0.10659 0.00098 3.3775 0.0508 1622 30 1672 22 1742 17 96 1742 17
66.1 252 162 0.64 0.000051 0.000037 0.08 0.18883 0.00295 0.0862 0.0024 0.10723 0.00104 3.4077 0.0662 1670 44 1659 28 1753 18 95 1753 18
67.1 1841 25 0.01 0.000218 0.000039 0.35 0.00336 0.00143 0.0587 0.0251 0.09967 0.00075 4.2498 0.0369 1153 484 1362 11 1618 14 84 1618 14
68.1 57 74 1.31 0.000458 0.000094 0.64 0.36038 0.00606 0.1282 0.0041 0.17272 0.00210 2.1434 0.0480 2439 73 2468 46 2584 20 96 2584 20
69.1 534 661 1.24 0.000031 0.000023 0.05 0.35159 0.00211 0.0868 0.0009 0.10700 0.00060 3.2748 0.0235 1682 17 1718 11 1749 10 98 1749 10
70.1 132 149 1.14 0.000275 0.000059 0.43 0.32533 0.00383 0.0887 0.0023 0.10668 0.00211 3.2282 0.0701 1718 42 1740 33 1743 37 100 1743 37
71.1 1120 334 0.30 0.000050 0.000017 0.08 0.08378 0.00087 0.0866 0.0011 0.10789 0.00047 3.2448 0.0199 1679 21 1732 9 1764 8 98 1764 8
72.1 354 220 0.62 0.000238 0.000076 0.37 0.18086 0.00836 0.0861 0.0055 0.10761 0.00335 3.3828 0.0665 1670 103 1670 29 1759 58 95 1759 58
Overgrowths
2.1 409 23 0.06 0.000067 0.000020 0.11 0.01539 0.00092 0.0753 0.0048 0.10424 0.00086 3.5957 0.0521 1467 90 1582 20 1701 15 93 1701 15
5.2 2055 12 0.01 0.001556 0.000075 2.46 0.00741 0.00277 0.3507 0.1312 0.10217 0.00133 3.4981 0.0349 6077 2066 1621 14 1664 24 97 1664 24
10.1 833 12 0.01 0.000046 0.000015 0.07 0.00400 0.00058 0.0776 0.0115 0.10582 0.00086 3.6152 0.0558 1511 216 1574 22 1729 15 91 1729 15
15.1 373 20 0.05 0.000108 0.000025 0.17 0.01552 0.00103 0.0833 0.0058 0.10427 0.00164 3.4315 0.0526 1617 108 1649 22 1702 29 97 1702 29
16.1 4490 79 0.02 0.000124 0.000008 0.20 0.00488 0.00030 0.0786 0.0049 0.10151 0.00035 3.5219 0.0204 1529 91 1611 8 1652 6 98 1652 6
25.1 382 15 0.04 0.000096 0.000031 0.15 0.01261 0.00138 0.0752 0.0083 0.10012 0.00189 4.1895 0.0431 1465 157 1380 13 1626 36 85 1626 36
26.2 415 10 0.02 0.000068 0.000018 0.11 0.00699 0.00090 0.0862 0.0111 0.10507 0.00073 3.5136 0.0309 1671 208 1615 13 1716 13 94 1716 13
41.1 443 11 0.02 0.000038 0.000029 0.06 0.00649 0.00108 0.0765 0.0128 0.10346 0.00086 3.4962 0.0397 1490 242 1622 16 1687 15 96 1687 15
43.1 459 10 0.02 0.000076 0.000023 0.12 0.00516 0.00087 0.0711 0.0121 0.10316 0.00074 3.4477 0.0640 1388 230 1642 27 1682 13 98 1682 13
56.1 345 15 0.04 0.000057 0.000038 0.09 0.01161 0.00140 0.0776 0.0095 0.10346 0.00121 3.4320 0.0443 1511 179 1648 19 1687 22 98 1687 22
57.1 431 11 0.02 0.000042 0.000019 0.07 0.00656 0.00072 0.0743 0.0084 0.10452 0.00103 3.5936 0.0646 1449 158 1583 25 1706 18 93 1706 18
60.1 2212 20 0.01 0.000204 0.000014 0.32 0.00252 0.00051 0.0739 0.0151 0.10482 0.00046 3.7420 0.0283 1440 285 1527 10 1711 8 89 1711 8
62.1 2072 19 0.01 0.001047 0.000062 1.65 0.00498 0.00222 0.1286 0.0575 0.10311 0.00102 4.1940 0.0299 2445 1056 1379 9 1681 18 82 1681 18
63.1 1210 14 0.01 0.000044 0.000008 0.07 0.00339 0.00033 0.0794 0.0079 0.10340 0.00069 3.6225 0.0370 1545 148 1571 14 1686 12 93 1686 12
73.1 697 14 0.02 0.000026 0.000008 0.04 0.00555 0.00052 0.0761 0.0073 0.10519 0.00052 3.5874 0.0500 1482 138 1585 20 1718 9 92 1718 9
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
1.1 66 48 0.73 0.000356 0.000251 0.22 0.22817 0.00799 0.0641 0.0047 0.07686 0.00443 4.8575 0.2657 1256 90 1207 60 1118 120 108 1207 60
2.1 167 102 0.61 0.000020 0.000020 0.56 0.17782 0.00713 0.0529 0.0030 0.07955 0.00196 5.5432 0.1880 1041 57 1069 34 1186 50 91 1186 50
3.1 150 142 0.94 0.000103 0.000055 0.47 0.27276 0.00862 0.0559 0.0028 0.08007 0.00274 5.1655 0.1718 1100 54 1141 35 1199 69 95 1141 35
4.1 198 137 0.69 0.000146 0.000099 0.51 0.21003 0.00398 0.0599 0.0035 0.08065 0.00181 5.0594 0.2405 1175 68 1163 51 1213 45 96 1163 51
5.1 248 149 0.60 0.000101 0.000034 0.16 0.15388 0.00447 0.0479 0.0016 0.08050 0.00143 5.3383 0.0774 947 31 1107 15 1209 35 92 1209 35
6.1 135 153 1.13 0.000372 0.000199 0.86 0.31755 0.00770 0.0538 0.0021 0.07923 0.00334 5.2224 0.1309 1059 40 1129 26 1178 86 96 1129 26
7.1 338 219 0.65 0.000085 0.000036 0.29 0.18586 0.00366 0.0518 0.0016 0.07606 0.00107 5.5354 0.1208 1020 31 1071 22 1097 28 98 1071 22
8.1 373 129 0.34 0.000035 0.000017 0.05 0.10043 0.00417 0.0917 0.0040 0.12555 0.00140 3.1803 0.0387 1773 75 1762 19 2037 20 87 2037 20
9.1 234 97 0.42 0.000052 0.000023 0.08 0.12013 0.00430 0.0765 0.0034 0.09474 0.00104 3.7719 0.0819 1489 64 1516 29 1523 21 100 1523 21
10.1 425 314 0.74 0.000036 0.000025 0.06 0.21857 0.00421 0.0787 0.0020 0.09501 0.00113 3.7587 0.0543 1532 38 1521 20 1528 23 100 1528 23
11.1 90 108 1.20 0.000272 0.000116 0.05 0.37507 0.00646 0.0723 0.0023 0.08236 0.00222 4.3149 0.0940 1410 43 1344 26 1254 54 107 1344 26
12.1 58 35 0.61 0.000206 0.000105 0.32 0.17213 0.00693 0.1398 0.0081 0.18933 0.00260 2.0255 0.0730 2646 144 2587 77 2736 23 95 2736 23
13.1 416 235 0.57 0.000169 0.000054 0.25 0.16657 0.00502 0.0304 0.0011 0.06051 0.00182 9.6796 0.1360 606 21 634 8 622 66 102 634 8
14.1 502 254 0.51 0.000076 0.000027 0.60 0.14317 0.00234 0.0517 0.0010 0.07949 0.00076 5.4701 0.0541 1020 20 1082 10 1184 19 92 1184 19
15.1 136 90 0.66 0.000400 0.000196 0.35 0.23806 0.00508 0.0668 0.0021 0.07312 0.00325 5.3843 0.0870 1307 39 1098 16 1017 93 108 1098 16
16.1 201 209 1.04 0.000020 0.000020 0.03 0.30687 0.00658 0.0548 0.0020 0.08218 0.00147 5.3641 0.1382 1079 39 1102 26 1250 36 88 1250 36
17.1 123 140 1.14 0.000513 0.000118 0.67 0.34119 0.00852 0.0564 0.0022 0.07483 0.00304 5.3185 0.1313 1109 42 1111 25 1064 84 104 1111 25
18.1 178 119 0.67 0.000239 0.000069 0.38 0.16748 0.00657 0.0654 0.0029 0.10461 0.00155 3.8331 0.0665 1281 55 1494 23 1707 28 88 1707 28
19.1 117 46 0.39 0.000101 0.000069 0.13 0.11361 0.00659 0.0572 0.0038 0.07783 0.00180 5.0720 0.1365 1124 72 1160 29 1143 47 102 1160 29
20.1 54 78 1.43 0.001571 0.000387 1.11 0.43806 0.01224 0.0624 0.0029 0.06680 0.00637 4.9028 0.1573 1224 56 1197 35 832 213 142 1197 35
21.1 200 223 1.11 0.000025 0.000027 0.34 0.32474 0.01366 0.0570 0.0028 0.08039 0.00140 5.1174 0.1118 1121 53 1151 23 1207 35 96 1151 23
22.1 435 159 0.37 0.000020 0.000020 0.08 0.11035 0.00284 0.0591 0.0019 0.07835 0.00074 5.1123 0.0853 1160 37 1152 18 1156 19 100 1152 18
23.1 1142 434 0.38 0.000053 0.000016 0.19 0.11480 0.00261 0.0330 0.0008 0.06258 0.00088 9.1396 0.0688 657 16 669 5 694 30 97 669 5
24.1 340 396 1.16 0.000098 0.000037 0.13 0.35278 0.00396 0.0594 0.0017 0.07766 0.00092 5.1026 0.1132 1167 33 1154 23 1138 24 101 1154 23
25.1 309 125 0.41 0.000013 0.000007 0.48 0.11370 0.00539 0.0535 0.0028 0.08091 0.00107 5.2380 0.0866 1054 53 1126 17 1219 26 93 1219 26
26.1 41 43 1.05 0.000644 0.000654 1.47 0.35245 0.01256 0.0543 0.0031 0.07509 0.01046 6.1558 0.2427 1069 60 970 36 1071 309 91 970 36
27.1 1030 8 0.01 0.000041 0.000027 0.14 0.00172 0.00155 0.0176 0.0158 0.05734 0.00075 12.8405 0.1533 353 317 483 6 505 29 96 483 6
28.1 365 478 1.31 0.000018 0.000015 0.34 0.38361 0.00761 0.0567 0.0016 0.08014 0.00091 5.1709 0.0901 1114 31 1140 18 1201 23 95 1140 18
29.1 108 85 0.79 0.000334 0.000126 0.20 0.23782 0.00550 0.0622 0.0033 0.07729 0.00235 4.8283 0.1938 1220 63 1213 45 1129 62 107 1213 45
30.1 347 93 0.27 0.000026 0.000025 0.11 0.08149 0.00282 0.0601 0.0024 0.07904 0.00090 5.0388 0.0816 1179 45 1167 17 1173 23 100 1167 17
31.1 835 422 0.51 0.000018 0.000015 -0.19 0.15487 0.00318 0.0656 0.0018 0.07971 0.00057 4.6651 0.0726 1285 34 1252 18 1190 14 105 1252 18
32.1 167 67 0.40 0.000172 0.000061 -0.11 0.12312 0.00385 0.0666 0.0026 0.07869 0.00150 4.6189 0.0897 1304 49 1263 22 1164 38 108 1263 22
33.1 185 156 0.84 0.000056 0.000074 0.06 0.24837 0.00520 0.0597 0.0022 0.07903 0.00195 4.9439 0.1288 1172 42 1188 28 1173 50 101 1188 28
34.1 100 156 1.56 0.000189 0.000088 0.63 0.45762 0.01082 0.0581 0.0020 0.08119 0.00202 5.0561 0.1135 1141 39 1163 24 1226 50 95 1163 24
35.1 385 283 0.73 0.000151 0.000078 0.59 0.21543 0.00449 0.0524 0.0016 0.07745 0.00165 5.5981 0.1061 1032 31 1060 19 1133 43 94 1060 19
36.1 278 298 1.07 0.008992 0.000365 14.36 0.37011 0.01714 0.0663 0.0037 0.10072 0.00702 5.2049 0.1374 1298 70 1133 27 1637 135 69 1637 135
37.1 361 287 0.79 0.000060 0.000031 0.47 0.23612 0.00398 0.0567 0.0015 0.08008 0.00107 5.2465 0.0940 1114 29 1125 19 1199 27 94 1125 19
38.1 290 142 0.49 0.000001 0.000000 0.00 0.13119 0.00579 0.1293 0.0061 0.18363 0.00196 2.0735 0.0272 2458 109 2537 28 2686 18 95 2686 18
39.1 290 219 0.75 0.000070 0.000036 0.04 0.22436 0.00578 0.0615 0.0019 0.07935 0.00206 4.8404 0.0650 1207 35 1211 15 1181 52 103 1211 15
40.1 1456 903 0.62 0.000315 0.000035 0.50 0.21463 0.00233 0.0432 0.0008 0.07860 0.00070 8.0100 0.0979 855 15 758 9 1162 18 65 1162 18
41.1 375 229 0.61 0.000033 0.000031 0.46 0.17300 0.00475 0.0526 0.0016 0.07940 0.00163 5.3799 0.0661 1037 31 1099 12 1182 41 93 1099 12
42.1 147 94 0.64 0.000010 0.000020 0.50 0.18527 0.00567 0.0542 0.0023 0.08056 0.00121 5.3207 0.1267 1067 44 1110 24 1211 30 92 1110 24
43.1 168 167 1.00 0.000092 0.000068 0.70 0.28328 0.00577 0.0528 0.0015 0.08063 0.00164 5.3878 0.0863 1040 28 1098 16 1212 41 91 1212 41
44.1 476 261 0.55 0.000781 0.000089 1.53 0.15248 0.00507 0.0518 0.0019 0.07840 0.00184 5.3613 0.0691 1021 36 1103 13 1157 47 96 1103 13
45.1 297 162 0.54 0.000104 0.000038 0.17 0.15862 0.00622 0.0531 0.0022 0.08017 0.00104 5.4898 0.0688 1045 43 1079 12 1201 26 90 1201 26
46.1 212 185 0.87 0.000143 0.000076 0.22 0.25507 0.00727 0.0860 0.0042 0.10785 0.00233 3.3959 0.1153 1667 78 1664 50 1763 40 94 1763 40
47.1 122 76 0.62 0.000310 0.000155 1.00 0.18408 0.00618 0.0538 0.0022 0.07954 0.00286 5.4974 0.1029 1059 42 1077 19 1186 73 91 1077 19
48.1 200 177 0.88 0.000152 0.000055 0.24 0.25171 0.00439 0.0772 0.0032 0.09378 0.00157 3.6858 0.1166 1503 60 1547 44 1504 32 103 1504 32
49.1 204 178 0.87 0.000207 0.000064 0.49 0.25429 0.00567 0.0573 0.0022 0.07949 0.00178 5.0778 0.1403 1125 43 1159 29 1184 45 98 1159 29
50.1 316 134 0.42 0.000108 0.000035 -0.03 0.13021 0.00534 0.0568 0.0027 0.07366 0.00142 5.4090 0.0975 1116 51 1094 18 1032 40 106 1094 18
Table 4.8. U-Th-Pb isotopic analyses of zircon from biotite-muscovite schist, near Crossing Bore
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
51.1 976 492 0.50 0.000083 0.000035 0.13 0.15202 0.00300 0.0512 0.0013 0.07734 0.00111 5.8858 0.0754 1010 25 1012 12 1130 29 90 1130 29
52.1 110 117 1.06 0.000114 0.000053 0.71 0.31395 0.01001 0.0539 0.0030 0.07980 0.00297 5.4877 0.2172 1061 58 1079 39 1192 75 91 1079 39
53.1 598 90 0.15 0.000028 0.000014 0.05 0.04575 0.00215 0.0528 0.0026 0.07900 0.00080 5.7359 0.0578 1039 50 1036 10 1172 20 88 1172 20
54.1 554 392 0.71 0.000005 0.000002 0.06 0.21044 0.00376 0.0597 0.0013 0.07933 0.00089 4.9839 0.0513 1172 24 1179 11 1180 22 100 1179 11
55.1 208 216 1.04 0.000049 0.000080 0.29 0.30583 0.00541 0.0595 0.0020 0.08103 0.00199 4.9567 0.1183 1168 38 1185 26 1222 49 97 1185 26
56.1 641 383 0.60 0.000037 0.000041 0.06 0.18366 0.00303 0.0716 0.0015 0.09034 0.00119 4.2858 0.0408 1398 28 1352 12 1433 25 94 1433 25
57.1 46 77 1.68 0.000478 0.000421 1.42 0.48762 0.02169 0.0531 0.0042 0.08115 0.00860 5.4630 0.3071 1045 81 1084 56 1225 224 89 1084 56
58.1 333 289 0.87 0.000098 0.000050 0.43 0.24990 0.00315 0.0552 0.0011 0.07944 0.00106 5.2252 0.0628 1086 21 1129 12 1183 27 96 1129 12
59.1 444 202 0.45 0.000063 0.000028 0.17 0.13373 0.00338 0.0585 0.0017 0.07913 0.00099 5.0311 0.0551 1150 32 1169 12 1175 25 100 1169 12
60.1 955 431 0.45 0.000060 0.000018 0.10 0.13233 0.00306 0.0495 0.0014 0.07946 0.00109 5.9314 0.0752 976 26 1004 12 1184 27 85 1184 27
61.1 402 140 0.35 0.000084 0.000053 0.18 0.10127 0.00258 0.0551 0.0017 0.07696 0.00104 5.2749 0.0549 1084 32 1119 11 1120 27 100 1119 11
62.1 174 145 0.83 0.000103 0.000051 0.28 0.28212 0.00532 0.0626 0.0032 0.07673 0.00155 5.3993 0.2165 1228 61 1095 41 1114 41 98 1095 41
63.1 738 489 0.66 0.000020 0.000020 0.03 0.19715 0.00453 0.0549 0.0014 0.07935 0.00081 5.4207 0.0450 1081 26 1091 8 1181 20 92 1181 20
64.1 374 405 1.08 0.000084 0.000059 0.62 0.30326 0.00607 0.0562 0.0016 0.08324 0.00161 4.9832 0.0888 1104 30 1179 19 1275 38 93 1179 19
65.1 85 66 0.77 0.001318 0.000514 1.51 0.23691 0.01264 0.0365 0.0024 0.05870 0.00847 8.4174 0.2799 724 47 724 23 556 350 129 724 23
66.1 618 748 1.21 0.000045 0.000025 0.07 0.35341 0.00454 0.0535 0.0009 0.07859 0.00105 5.4611 0.0505 1053 18 1084 9 1162 27 93 1162 27
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
2.1 146 82 0.56 0.000486 0.000085 1.20 0.17406 0.02417 0.0775 0.0111 0.09521 0.00678 3.9877 0.1179 1509 209 1442 38 1532 140 95 1442 38
3.1 240 193 0.81 0.000203 0.000063 0.32 0.22609 0.01479 0.0761 0.0051 0.09653 0.00147 3.6837 0.0548 1482 97 1548 21 1558 29 99 1558 29
4.1 408 252 0.62 0.000285 0.000050 0.46 0.13289 0.00276 0.0400 0.0010 0.07651 0.00118 5.3770 0.0627 793 20 1100 12 1108 31 99 1100 12
6.1 210 125 0.59 0.000373 0.000062 0.83 0.18096 0.00499 0.0670 0.0025 0.08611 0.00183 4.5408 0.0935 1311 47 1283 24 1341 42 96 1341 42
7.1 61 36 0.59 0.001426 0.000279 1.98 0.15915 0.00639 0.0597 0.0041 0.08160 0.00477 4.5118 0.2104 1173 78 1291 55 1236 119 104 1291 55
8.1 347 159 0.46 0.000285 0.000054 0.99 0.06174 0.00406 0.0323 0.0023 0.09321 0.00114 4.1586 0.0929 643 45 1389 28 1492 23 94 1492 23
9.1 275 66 0.24 0.000129 0.000023 1.89 0.01407 0.00548 0.0206 0.0080 0.13576 0.00206 2.8515 0.0492 411 159 1938 29 2174 27 91 2174 27
10.1 51 20 0.39 0.001415 0.000310 2.00 0.07305 0.00763 0.0435 0.0048 0.08399 0.00513 4.3370 0.1059 860 93 1338 30 1292 124 103 1338 30
11.1 85 97 1.15 0.000425 0.000150 0.68 0.26603 0.02332 0.0756 0.0071 0.11145 0.00280 3.0644 0.0837 1474 133 1821 43 1823 46 100 1823 46
12.1 256 147 0.58 0.000292 0.000067 0.47 0.14493 0.00972 0.0706 0.0051 0.10407 0.00315 3.5676 0.0735 1379 96 1593 29 1698 57 94 1698 57
13.1 256 89 0.35 0.000168 0.000040 0.27 0.09773 0.00584 0.0694 0.0044 0.09007 0.00170 4.0713 0.0788 1356 84 1416 25 1427 36 99 1427 36
14.1 294 102 0.35 0.000108 0.000069 0.79 0.08858 0.00489 0.0473 0.0029 0.08203 0.00162 5.3665 0.1289 935 57 1102 24 1246 39 89 1246 39
15.1 231 84 0.36 0.000189 0.000033 0.30 0.06605 0.00380 0.0501 0.0030 0.10509 0.00120 3.6432 0.0521 988 58 1564 20 1716 21 91 1716 21
16.1 147 53 0.36 0.000493 0.000092 1.11 0.10447 0.00775 0.0438 0.0035 0.07252 0.00281 6.5852 0.1586 866 68 911 21 1001 81 91 911 21
17.1 369 209 0.57 0.000149 0.000042 0.24 0.19678 0.00384 0.1088 0.0026 0.15732 0.00126 3.1865 0.0328 2087 47 1760 16 2427 14 73 2427 14
18.1 137 94 0.68 0.000734 0.000111 0.87 0.28712 0.00502 0.0735 0.0041 0.07139 0.00203 5.7229 0.1149 1434 77 1038 19 969 59 107 1038 19
19.1 552 110 0.20 0.000092 0.000023 0.15 0.03484 0.00257 0.0458 0.0035 0.09743 0.00104 3.8058 0.0540 906 67 1504 19 1575 20 96 1575 20
21.1 143 49 0.34 0.000712 0.000115 0.78 0.10516 0.00576 0.0542 0.0033 0.07156 0.00266 5.6503 0.1134 1066 62 1051 19 973 78 108 1051 19
22.1 79 42 0.53 0.001523 0.000295 2.10 0.15223 0.01689 0.0668 0.0079 0.08407 0.00678 4.2802 0.1205 1306 150 1354 34 1294 166 104 1354 34
23.1 210 163 0.78 0.000264 0.000044 0.42 0.16961 0.00428 0.0780 0.0028 0.11407 0.00094 2.7992 0.0629 1519 53 1969 38 1865 15 106 1865 15
24.1 147 77 0.52 0.000279 0.000055 0.35 0.14757 0.01464 0.0821 0.0082 0.10016 0.00164 3.4280 0.0440 1594 155 1650 19 1627 31 101 1627 31
25.1 39 19 0.50 0.000728 0.000203 1.41 0.13689 0.00789 0.0458 0.0033 0.07477 0.00361 5.9943 0.2014 905 63 995 31 1062 100 94 995 31
26.1 164 67 0.41 0.000274 0.000103 0.45 0.12519 0.00378 0.0548 0.0087 0.07522 0.00201 5.5723 0.2289 1078 167 1064 40 1074 55 99 1064 40
27.1 78 60 0.77 0.000745 0.000468 1.22 0.22456 0.00706 0.0454 0.0019 0.07059 0.00752 6.4309 0.1527 897 36 932 21 946 235 99 932 21
28.1 302 160 0.53 0.000130 0.000026 0.21 0.14484 0.00284 0.0651 0.0024 0.10144 0.00100 4.2076 0.1138 1274 46 1375 34 1651 18 83 1651 18
30.1 147 121 0.82 0.000344 0.000068 0.55 0.26639 0.00367 0.0922 0.0043 0.09798 0.00143 3.5155 0.0769 1782 80 1614 31 1586 28 102 1586 28
31.1 283 89 0.32 0.000336 0.000041 0.26 0.08621 0.00243 0.0679 0.0021 0.08811 0.00099 4.0245 0.0365 1328 39 1431 12 1385 22 103 1385 22
34.1 217 68 0.31 0.000756 0.000154 1.53 0.09345 0.00624 0.0459 0.0032 0.07278 0.00263 6.5275 0.0828 906 61 919 11 1008 75 91 919 11
34.2 198 63 0.32 0.000640 0.000116 1.28 0.08292 0.00622 0.0384 0.0030 0.07098 0.00251 6.8010 0.1107 761 58 884 13 957 74 93 884 13
35.1 162 168 1.04 0.000342 0.000074 0.74 0.28193 0.00830 0.0706 0.0024 0.09492 0.00168 3.8554 0.0580 1379 46 1487 20 1527 34 98 1527 34
36.1 135 133 0.98 0.000451 0.000121 0.72 0.28142 0.00692 0.0787 0.0029 0.10396 0.00249 3.6500 0.0885 1531 54 1561 34 1696 45 92 1696 45
37.1 69 74 1.08 0.001205 0.000260 1.92 0.31840 0.01093 0.0876 0.0113 0.10459 0.00537 3.3815 0.1604 1697 212 1670 70 1707 98 98 1707 98
38.1 202 152 0.75 0.000477 0.000101 0.42 0.19502 0.00431 0.0877 0.0025 0.10911 0.00186 2.9652 0.0415 1700 47 1873 23 1785 31 105 1785 31
39.1 210 74 0.35 0.000301 0.000085 0.48 0.09713 0.00419 0.0806 0.0039 0.10494 0.00167 3.4158 0.0613 1567 73 1655 26 1713 30 97 1713 30
40.1 175 85 0.49 0.000768 0.000309 1.41 0.12795 0.00502 0.0492 0.0027 0.07833 0.00502 5.3437 0.1622 970 51 1106 31 1155 133 96 1106 31
41.1 101 56 0.56 0.001223 0.000262 1.96 0.15314 0.01426 0.0552 0.0053 0.07950 0.00436 4.9992 0.0996 1085 102 1176 21 1185 112 99 1176 21
42.1 279 54 0.20 0.000265 0.000114 -0.03 0.05672 0.00486 0.0861 0.0077 0.10555 0.00236 3.3751 0.0734 1669 144 1673 32 1724 42 97 1724 42
44.1 230 213 0.93 0.001028 0.000353 1.48 0.28835 0.00673 0.0553 0.0016 0.07326 0.00588 5.6264 0.0844 1088 31 1055 15 1021 172 103 1055 15
45.1 100 70 0.69 0.002152 0.000273 2.89 0.10303 0.01183 0.0288 0.0034 0.07269 0.00472 5.1680 0.1370 573 68 1140 28 1005 138 113 1140 28
46.1 250 162 0.65 0.000681 0.000151 1.09 0.22409 0.00763 0.0730 0.0031 0.09501 0.00271 4.7520 0.0830 1425 59 1231 20 1528 55 81 1528 55
48.1 198 68 0.34 0.001496 0.000262 2.41 0.17446 0.00831 0.0506 0.0027 0.07559 0.00482 10.0370 0.1990 997 52 612 12 1084 133 57 1084 133
49.1 84 41 0.49 0.001330 0.000236 1.63 0.13379 0.01563 0.0584 0.0071 0.07777 0.00677 4.6724 0.1250 1146 136 1250 30 1141 183 109 1250 30
50.1 66 43 0.65 0.002782 0.000578 3.45 0.15281 0.02007 0.0481 0.0067 0.07108 0.01025 4.8689 0.1801 949 129 1204 41 960 327 124 1204 41
51.1 142 147 1.03 0.001206 0.000360 2.00 0.29914 0.00599 0.0542 0.0019 0.07704 0.00574 5.3467 0.1271 1068 36 1105 24 1122 156 99 1105 24
Table 4.9. U-Th-Pb isotopic analyses of zircon from quartzite, NE of Badens Camp
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
52.1 159 238 1.50 0.000448 0.000089 0.72 0.34109 0.00939 0.0724 0.0026 0.10874 0.00210 3.1393 0.0621 1413 48 1783 31 1778 36 100 1778 36
53.1 96 66 0.69 0.000603 0.000116 0.94 0.16811 0.00961 0.1317 0.0084 0.20395 0.00358 1.8508 0.0307 2501 150 2785 38 2858 29 97 2858 29
54.1 754 13 0.02 0.000166 0.000031 0.13 0.00509 0.00216 0.0817 0.0347 0.10535 0.00088 3.5455 0.0301 1586 658 1602 12 1720 15 93 1720 15
55.1 257 102 0.40 0.000580 0.000086 1.04 0.13807 0.00453 0.0764 0.0040 0.08450 0.00198 4.5580 0.1282 1487 76 1279 33 1304 46 98 1279 33
56.1 287 134 0.47 0.000330 0.000053 0.53 0.13289 0.00660 0.0840 0.0047 0.09755 0.00204 3.3931 0.0549 1630 89 1665 24 1578 40 106 1578 40
58.1 265 56 0.21 0.000931 0.000181 1.58 0.05024 0.00610 0.0358 0.0045 0.07023 0.00346 6.5969 0.1577 711 88 910 20 935 105 97 910 20
59.1 114 94 0.83 0.000919 0.000134 1.47 0.24062 0.00560 0.0925 0.0109 0.10973 0.00252 3.1507 0.0923 1788 203 1777 46 1795 42 99 1795 42
61.1 152 318 2.10 0.001221 0.000162 1.96 0.58886 0.00922 0.0787 0.0025 0.09903 0.00297 3.5708 0.0882 1531 48 1592 35 1606 57 99 1606 57
62.1 148 126 0.85 0.000412 0.000161 0.66 0.25918 0.00650 0.0836 0.0035 0.09862 0.00310 3.6394 0.1022 1623 66 1565 39 1598 60 98 1598 60
63.1 57 34 0.60 0.001309 0.000463 2.09 0.19723 0.01142 0.1026 0.0080 0.10674 0.00810 3.2165 0.1316 1974 146 1745 63 1744 146 100 1745 63
64.1 100 61 0.61 0.001827 0.000367 2.83 0.16435 0.00942 0.0620 0.0043 0.08539 0.00664 4.3252 0.1385 1216 82 1341 39 1324 158 101 1341 39
65.1 350 154 0.44 0.000517 0.000186 0.83 0.15966 0.00398 0.0897 0.0027 0.10519 0.00315 4.0367 0.0563 1735 50 1427 18 1718 56 83 1718 56
66.1 259 125 0.48 0.000822 0.000102 1.32 0.15056 0.00377 0.0761 0.0028 0.09904 0.00192 4.1036 0.0910 1483 52 1406 28 1606 36 88 1606 36
68.1 384 267 0.70 0.000490 0.000144 0.73 0.22718 0.00302 0.0641 0.0019 0.07788 0.00234 5.0983 0.1161 1255 36 1155 24 1144 61 101 1155 24
69.1 44 78 1.76 0.002802 0.000668 4.47 0.48990 0.02197 0.0819 0.0050 0.11305 0.01115 3.4074 0.1223 1591 93 1659 53 1849 190 90 1849 190
70.1 210 153 0.73 0.000220 0.000134 0.35 0.24632 0.00508 0.0913 0.0042 0.10056 0.00248 3.7062 0.0922 1765 79 1540 34 1634 46 94 1634 46
71.1 209 85 0.41 0.001487 0.000304 1.64 0.13046 0.00628 0.0559 0.0037 0.06766 0.00519 5.7004 0.2219 1098 70 1042 38 858 168 121 1042 38
72.1 182 180 0.99 0.000742 0.000205 1.17 0.27855 0.00698 0.1221 0.0046 0.16341 0.00374 2.3121 0.0557 2329 83 2317 47 2491 39 93 2491 39
73.1 297 194 0.66 0.000600 0.000138 0.96 0.18742 0.00750 0.0861 0.0039 0.10775 0.00324 3.3243 0.0595 1669 73 1695 27 1762 56 96 1762 56
76.1 264 88 0.33 0.000715 0.000124 0.93 0.09095 0.00395 0.0684 0.0036 0.08907 0.00231 3.9926 0.0976 1338 68 1441 32 1406 50 102 1406 50
77.1 306 97 0.32 0.000958 0.000254 1.53 0.08076 0.00479 0.0665 0.0042 0.10159 0.00414 3.8114 0.0527 1302 79 1502 19 1653 77 91 1653 77
78.1 110 97 0.89 0.001132 0.000433 1.81 0.23802 0.00815 0.0866 0.0055 0.10977 0.00702 3.1058 0.1431 1679 103 1799 73 1796 121 100 1796 121
79.1 415 153 0.37 0.000505 0.000183 0.74 0.11638 0.00414 0.0483 0.0023 0.06915 0.00311 6.5268 0.1686 953 44 919 22 903 96 102 919 22
80.1 284 179 0.63 0.000427 0.000302 0.79 0.17961 0.00469 0.0639 0.0020 0.08554 0.00492 4.4654 0.0640 1253 38 1303 17 1328 116 98 1303 17
81.1 246 82 0.33 0.000279 0.000066 0.58 0.09775 0.00491 0.0676 0.0044 0.08733 0.00195 4.3430 0.1506 1323 83 1336 42 1368 44 98 1336 42
82.1 230 111 0.48 0.000154 0.000050 0.24 0.13273 0.00591 0.1343 0.0066 0.17484 0.00196 2.0565 0.0382 2548 119 2555 39 2605 19 98 2605 19
83.1 64 26 0.41 0.001713 0.000570 3.64 0.09955 0.00957 0.0575 0.0061 0.09655 0.00926 4.1904 0.1549 1130 117 1380 46 1559 192 89 1559 192
85.1 134 85 0.64 0.000786 0.000378 1.26 0.17750 0.01194 0.0746 0.0058 0.10050 0.00668 3.7476 0.1257 1454 110 1525 46 1633 129 93 1633 129
86.1 94 111 1.18 0.001140 0.000504 2.35 0.36180 0.00904 0.0544 0.0024 0.07924 0.00808 5.6292 0.1689 1071 45 1054 29 1178 216 90 1054 29
97.1 136 235 1.73 0.000616 0.000167 0.98 0.46503 0.00685 0.0876 0.0042 0.10747 0.00301 3.0615 0.1186 1697 78 1822 62 1757 52 104 1757 52
87.1 162 72 0.44 0.001292 0.000215 1.71 0.13884 0.01019 0.0579 0.0047 0.07266 0.00491 5.4228 0.1516 1137 89 1091 28 1005 144 108 1091 28
89.1 204 146 0.71 0.000581 0.000173 0.87 0.23658 0.00960 0.0634 0.0033 0.07679 0.00367 5.2312 0.1493 1242 62 1128 30 1116 98 101 1128 30
90.1 155 102 0.66 0.001284 0.000225 1.97 0.21014 0.01222 0.0721 0.0054 0.08409 0.00479 4.4420 0.1342 1408 101 1309 36 1295 115 101 1309 36
91.1 260 200 0.77 0.000954 0.000212 1.69 0.20467 0.01027 0.0480 0.0026 0.07657 0.00354 5.5360 0.0998 948 51 1070 18 1110 95 97 1070 18
92.1 168 91 0.54 0.001158 0.000261 1.85 0.14411 0.00852 0.0781 0.0052 0.10677 0.00504 3.4127 0.0719 1521 97 1657 31 1745 89 95 1745 89
93.1 211 230 1.09 0.000590 0.000103 0.94 0.30676 0.01820 0.0826 0.0064 0.10252 0.00678 3.4127 0.1445 1605 120 1657 62 1670 127 99 1657 62
94.1 201 107 0.53 0.000537 0.000210 0.86 0.15703 0.00629 0.0720 0.0040 0.09382 0.00363 4.0978 0.1148 1405 75 1408 36 1505 75 94 1505 75
95.1 153 172 1.12 0.001015 0.000271 1.60 0.29925 0.01129 0.0858 0.0049 0.11095 0.00447 3.1038 0.1114 1665 92 1800 57 1815 75 99 1815 75
96.1 253 261 1.03 0.000906 0.000147 2.32 0.39513 0.00766 0.0881 0.0038 0.09394 0.00272 4.3337 0.1022 1707 70 1338 29 1507 56 90 1507 56
98.1 313 998 3.19 0.001016 0.000216 0.98 0.91927 0.02709 0.0412 0.0018 0.06192 0.00779 7.0044 0.2045 815 36 860 24 671 295 127 860 24
99.1 328 61 0.19 0.000713 0.000108 0.84 0.05499 0.00390 0.0762 0.0058 0.08979 0.00217 3.8759 0.0740 1483 109 1480 25 1421 47 104 1421 47
Overgrowths
2.1 781 277 0.37 0.000010 0.000006 1.67 0.12767 0.00077 0.10103 0.00037 4.2611 0.0686 1610 26 1359 20 1643 7 84
3.1 634 75 0.12 0.000039 0.000002 0.14 0.03847 0.00086 0.05665 0.00057 13.6976 0.2129 441 12 454 7 478 22 95
4.1 670 79 0.12 0.000000 0.000000 0.11 0.03995 0.00084 0.05721 0.00052 13.3232 0.2065 491 13 467 7 500 20 93
5.1 653 69 0.11 0.000055 0.000000 0.10 0.03189 0.00143 0.05629 0.00072 13.4002 0.2085 407 19 464 7 464 28 100
6.1 678 89 0.14 -0.000032 -0.000016 0.12 0.04178 0.00086 0.05760 0.00058 13.5828 0.2105 467 14 458 7 515 22 89
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
7.1 551 67 0.13 0.000038 0.000017 0.11 0.03820 0.00090 0.05683 0.00080 13.2029 0.2164 442 15 471 7 485 31 97
8.1 733 84 0.12 -0.000021 0.000000 0.22 0.03859 0.00079 0.05807 0.00070 13.7886 0.2198 480 12 451 7 533 27 85
9.1 646 77 0.12 0.000043 0.000019 0.11 0.03885 0.00086 0.05648 0.00053 13.5015 0.2210 449 15 461 7 471 21 98
10.1 693 77 0.12 0.000017 0.000007 0.03 0.03551 0.00079 0.05617 0.00045 13.5274 0.2096 448 13 460 7 459 18 100
11.1 719 87 0.13 0.000000 0.000000 0.02 0.04083 0.00117 0.05617 0.00072 13.6944 0.2184 474 15 454 7 459 28 99
12.1 485 61 0.13 0.000039 0.000023 -0.11 0.04123 0.00105 0.05507 0.00073 13.1050 0.2065 469 18 474 7 415 29 114
13.1 581 78 0.14 0.000088 0.000030 -0.14 0.03945 0.00147 0.05402 0.00101 13.2060 0.2185 393 21 471 8 372 42 126
14.1 648 79 0.13 0.000042 0.000028 -0.11 0.03595 0.00091 0.05479 0.00072 13.3916 0.2097 407 17 464 7 404 29 115
15.1 680 76 0.12 0.000040 0.000011 0.06 0.03679 0.00090 0.05626 0.00077 13.3594 0.2350 455 15 465 8 463 30 101
17.1 660 78 0.12 0.000091 0.000032 -0.01 0.03635 0.00097 0.05460 0.00078 13.7563 0.2254 393 19 452 7 396 32 114
18.1 711 84 0.12 0.000036 0.000014 -0.04 0.03398 0.00153 0.05519 0.00077 13.6578 0.2421 389 20 456 8 420 31 108
19.1 706 82 0.12 -0.000118 -0.000060 -0.15 0.03564 0.00121 0.05657 0.00117 13.6423 0.2209 486 33 456 7 475 46 96
20.1 744 87 0.12 -0.000016 -0.000012 -0.21 0.03252 0.00158 0.05454 0.00075 13.7033 0.2380 398 21 454 8 393 31 115
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
1.1 228 65 0.28 0.000073 0.000035 0.12 0.08218 0.00281 0.0560 0.0021 0.07807 0.00227 5.1578 0.0702 1101 40 1142 14 1149 59 100 1142 14
2.1 89 104 1.17 0.000107 0.000055 0.17 0.32924 0.00560 0.0793 0.0027 0.09808 0.00246 3.5625 0.0910 1542 51 1595 36 1588 48 100 1588 48
3.1 132 97 0.73 0.000005 0.000004 0.01 0.21609 0.00388 0.0585 0.0020 0.08288 0.00247 5.0598 0.1243 1149 39 1163 26 1266 59 92 1163 26
4.1 150 149 0.99 0.000117 0.000083 0.19 0.29114 0.00631 0.0640 0.0018 0.08019 0.00175 4.5657 0.0699 1254 34 1277 18 1202 44 106 1273 18
5.1 158 45 0.29 0.000138 0.000104 0.23 0.08364 0.00594 0.0555 0.0041 0.07578 0.00259 5.2762 0.0839 1092 79 1119 16 1089 70 103 1119 16
6.1 112 77 0.69 0.000147 0.000065 0.21 0.18317 0.00744 0.1245 0.0065 0.16609 0.00271 2.1333 0.0594 2371 118 2478 58 2519 28 98 2519 28
7.1 278 233 0.84 0.000032 0.000033 0.05 0.25012 0.00382 0.0610 0.0014 0.07796 0.00162 4.8894 0.0748 1196 27 1200 17 1146 42 105 1197 17
8.1 313 329 1.05 0.000017 0.000011 0.03 0.30036 0.00395 0.0814 0.0015 0.09895 0.00077 3.5087 0.0405 1581 29 1617 17 1604 14 101 1604 14
9.1 439 199 0.45 0.000047 0.000020 0.08 0.13037 0.00249 0.0538 0.0012 0.07681 0.00078 5.3548 0.0458 1059 22 1104 9 1116 20 99 1104 9
10.1 157 169 1.08 0.000020 0.000020 0.03 0.30741 0.00541 0.0718 0.0021 0.10252 0.00176 3.9813 0.0764 1402 39 1445 25 1670 32 87 1670 32
11.1 953 568 0.60 0.000010 0.000014 0.02 0.16673 0.00194 0.0816 0.0012 0.10468 0.00091 3.4247 0.0298 1586 23 1652 13 1709 16 97 1709 16
12.1 56 155 2.76 0.000782 0.000334 1.26 0.77537 0.02425 0.0844 0.0062 0.09365 0.00601 3.3353 0.1927 1637 116 1690 86 1501 126 113 1501 126
13.1 94 75 0.80 0.000177 0.000098 0.30 0.23465 0.01223 0.0599 0.0035 0.07605 0.00237 4.8473 0.1141 1175 67 1209 26 1096 64 110 1204 26
14.1 54 28 0.52 0.000020 0.000020 0.03 0.15880 0.00778 0.0440 0.0027 0.07637 0.00300 7.0056 0.2265 870 52 860 26 1105 81 78 1105 81
15.1 349 171 0.49 0.000040 0.000021 0.06 0.07553 0.00229 0.0492 0.0018 0.11217 0.00111 3.1397 0.0598 970 36 1782 30 1835 18 97 1835 18
16.1 231 402 1.74 0.000106 0.000084 0.18 0.49629 0.02212 0.0538 0.0031 0.07889 0.00323 5.3124 0.1936 1059 60 1112 37 1169 83 95 1112 37
18.1 139 100 0.72 0.000025 0.000012 0.04 0.21540 0.00567 0.0605 0.0020 0.07967 0.00219 4.9533 0.0806 1187 37 1185 18 1189 55 100 1185 18
19.1 624 473 0.76 0.000217 0.000036 0.35 0.09509 0.00200 0.0244 0.0006 0.08914 0.00116 5.1294 0.0447 488 11 1148 9 1407 25 82 1407 25
20.1 328 238 0.73 0.000170 0.000049 0.29 0.21565 0.00609 0.0601 0.0023 0.07904 0.00131 4.9372 0.1059 1179 43 1189 23 1173 33 101 1189 23
21.1 137 102 0.75 0.000210 0.000072 0.36 0.19930 0.00865 0.0486 0.0023 0.07755 0.00179 5.5204 0.0800 958 44 1073 14 1135 47 95 1073 14
22.1 77 87 1.13 0.000020 0.000020 0.03 0.31079 0.00422 0.1233 0.0049 0.16290 0.00255 2.2388 0.0710 2350 88 2380 63 2486 27 96 2486 27
23.1 363 117 0.32 0.000020 0.000020 0.03 0.09608 0.00201 0.0525 0.0015 0.07632 0.00093 5.6774 0.0901 1033 28 1046 15 1103 25 95 1046 15
24.1 122 112 0.92 0.000020 0.000020 0.03 0.27285 0.00459 0.0824 0.0031 0.09829 0.00269 3.6027 0.1036 1600 58 1579 40 1592 52 99 1592 52
25.1 82 75 0.91 0.000020 0.000020 0.03 0.25917 0.00735 0.0796 0.0030 0.09960 0.00222 3.5738 0.0798 1548 57 1590 32 1617 42 98 1617 42
26.1 92 69 0.75 0.000020 0.000020 0.03 0.21962 0.00885 0.0843 0.0040 0.10464 0.00166 3.4527 0.0754 1636 74 1640 32 1708 29 96 1708 29
27.1 136 127 0.93 0.000020 0.000020 0.03 0.26279 0.00782 0.0559 0.0025 0.07698 0.00305 5.0258 0.1477 1100 48 1170 32 1121 81 104 1167 31
28.1 156 148 0.95 0.000053 0.000060 0.09 0.26301 0.00661 0.0657 0.0021 0.08878 0.00310 4.2248 0.0732 1286 40 1370 21 1399 68 98 1370 21
29.1 122 55 0.45 0.000102 0.000062 0.17 0.13079 0.00381 0.0660 0.0024 0.08771 0.00179 4.3801 0.0727 1291 45 1326 20 1376 40 97 1326 20
30.1 212 115 0.54 0.000043 0.000034 0.07 0.16399 0.00378 0.0891 0.0026 0.10625 0.00109 3.3875 0.0515 1724 48 1667 22 1736 19 96 1736 19
31.1 235 151 0.64 0.000053 0.000031 0.08 0.18416 0.00321 0.0917 0.0023 0.10523 0.00116 3.1148 0.0490 1774 43 1795 25 1718 20 105 1718 20
32.1 130 82 0.63 0.000004 0.000003 0.01 0.18276 0.00551 0.0764 0.0028 0.09178 0.00118 3.8038 0.0710 1488 53 1505 25 1463 25 103 1463 25
33.1 217 89 0.41 0.000160 0.000098 0.27 0.10801 0.00515 0.0565 0.0029 0.07598 0.00228 4.6445 0.0846 1111 56 1257 21 1095 61 114 1249 21 ?
34.1 208 173 0.83 0.000082 0.000060 0.13 0.22755 0.00516 0.0813 0.0025 0.10161 0.00255 3.3650 0.0564 1580 46 1677 25 1654 47 101 1654 47
35.1 72 19 0.27 0.000020 0.000020 0.03 0.07910 0.00615 0.0537 0.0047 0.07308 0.00215 5.4986 0.1950 1057 91 1077 35 1016 61 106 1075 35
36.1 274 82 0.30 0.000112 0.000113 0.19 0.08452 0.00692 0.0536 0.0045 0.07559 0.00280 5.2662 0.0832 1055 86 1121 16 1084 76 103 1121 16
37.1 239 170 0.71 0.000020 0.000020 0.03 0.20124 0.00503 0.0804 0.0022 0.09843 0.00088 3.5198 0.0312 1563 42 1612 13 1595 17 101 1595 17
38.1 214 104 0.48 0.000116 0.000056 0.19 0.13384 0.00557 0.0534 0.0026 0.07254 0.00174 5.1432 0.1066 1052 50 1145 22 1001 49 114 1139 22
39.1 179 142 0.80 0.000008 0.000007 0.01 0.22776 0.00934 0.0596 0.0031 0.07844 0.00231 4.7895 0.1364 1171 60 1222 32 1158 60 105 1219 32
41.1 182 119 0.65 0.000020 0.000020 0.03 0.17542 0.00285 0.0759 0.0019 0.09770 0.00242 3.5314 0.0542 1479 36 1607 22 1581 47 102 1581 47
42.1 150 123 0.82 0.000098 0.000036 0.13 0.20792 0.00516 0.1394 0.0054 0.19971 0.00386 1.8135 0.0466 2638 96 2831 59 2824 32 100 2824 32
44.1 65 46 0.71 0.000020 0.000020 0.03 0.20641 0.00577 0.0692 0.0026 0.08988 0.00217 4.1872 0.0977 1353 50 1381 29 1423 47 97 1381 29
45.1 456 340 0.75 0.000065 0.000019 0.11 0.20089 0.00322 0.0585 0.0012 0.08353 0.00080 4.6038 0.0566 1149 24 1267 14 1282 19 99 1267 14
46.1 139 145 1.04 0.000156 0.000063 0.26 0.30339 0.00538 0.0589 0.0018 0.08029 0.00147 4.9374 0.1011 1157 33 1189 22 1204 37 99 1189 22
47.1 58 44 0.77 0.000692 0.000182 1.16 0.20479 0.00901 0.0519 0.0028 0.07006 0.00341 5.1116 0.1330 1022 53 1152 28 930 103 123 1152 28
Table 4.10. U-Th-Pb isotopic analyses of zircon from quartzite, Jervois Homestead
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
48.1 57 34 0.60 0.000131 0.000069 0.20 0.16428 0.00430 0.0944 0.0033 0.11331 0.00197 2.8986 0.0534 1823 62 1911 31 1853 32 103 1853 32
49.1 101 37 0.37 0.000076 0.000077 0.12 0.10958 0.00424 0.0718 0.0034 0.08553 0.00217 4.1129 0.0993 1401 65 1403 31 1328 50 105 1398 30
50.1 462 374 0.81 0.000067 0.000053 0.11 0.21551 0.00370 0.0501 0.0010 0.07671 0.00141 5.3114 0.0437 987 20 1112 8 1114 37 100 1112 8
51.1 74 36 0.49 0.000206 0.000067 0.28 0.13000 0.00326 0.1286 0.0046 0.18027 0.00248 2.0440 0.0459 2445 83 2567 48 2655 23 97 2655 23
52.1 180 136 0.76 0.000278 0.000082 0.47 0.21723 0.00534 0.0585 0.0016 0.07879 0.00156 4.9024 0.0470 1148 31 1197 10 1167 40 102 1197 10
53.1 92 115 1.25 0.000742 0.000162 1.24 0.34635 0.00939 0.0561 0.0020 0.07215 0.00288 4.9087 0.0992 1102 38 1195 22 990 83 120 1195 22
54.1 120 27 0.22 0.000039 0.000039 0.06 0.05843 0.00220 0.1288 0.0059 0.16680 0.00209 2.0414 0.0343 2449 105 2570 36 2526 21 102 2526 21
55.1 619 250 0.40 0.000047 0.000011 0.07 0.10337 0.00146 0.0804 0.0016 0.10651 0.00107 3.1791 0.0392 1562 31 1763 19 1740 19 101 1740 19
56.1 308 243 0.79 0.000046 0.000035 0.07 0.22140 0.00257 0.0915 0.0016 0.11240 0.00097 3.0719 0.0347 1770 30 1817 18 1839 16 99 1839 16
57.1 150 116 0.77 0.000097 0.000065 0.16 0.21186 0.00606 0.0555 0.0019 0.07981 0.00156 4.9613 0.0778 1091 36 1184 17 1192 39 99 1184 17
58.1 97 107 1.10 0.000217 0.000088 0.33 0.30323 0.00726 0.0885 0.0028 0.11716 0.00356 3.1021 0.0580 1715 53 1801 29 1913 56 94 1913 56
59.1 357 86 0.24 0.000016 0.000019 0.03 0.06522 0.00284 0.0819 0.0039 0.10573 0.00192 3.3146 0.0502 1591 73 1700 23 1727 34 98 1727 34
60.1 338 139 0.41 0.000087 0.000029 0.15 0.11852 0.00196 0.0544 0.0010 0.07871 0.00149 5.3113 0.0406 1071 20 1112 8 1165 38 96 1112 8
61.1 406 65 0.16 0.000004 0.000002 0.01 0.03986 0.00077 0.0770 0.0019 0.11570 0.00085 3.2298 0.0389 1499 35 1739 18 1891 13 92 1891 13
62.1 140 244 1.74 0.000114 0.000044 0.19 0.51542 0.00702 0.0545 0.0018 0.07574 0.00160 5.4383 0.1419 1073 35 1088 26 1088 43 100 1088 26
63.2 82 87 1.05 0.000155 0.000063 0.24 0.29606 0.00629 0.0867 0.0026 0.10662 0.00186 3.2452 0.0617 1680 49 1732 29 1742 32 99 1742 32
64.1 401 262 0.65 0.000049 0.000014 0.08 0.19463 0.00291 0.0585 0.0011 0.07766 0.00059 5.1028 0.0484 1148 21 1154 10 1138 15 101 1154 10
65.1 15 5 0.34 0.000341 0.000265 0.57 0.10088 0.01975 0.0578 0.0116 0.07661 0.00629 5.0493 0.1851 1136 223 1165 39 1111 173 105 1165 39
67.1 164 68 0.42 0.000093 0.000058 0.15 0.10604 0.00389 0.0590 0.0027 0.08829 0.00312 4.3324 0.0971 1159 52 1339 27 1389 69 97 1339 27
68.1 294 319 1.09 0.000006 0.000006 0.01 0.30291 0.00313 0.0946 0.0022 0.11486 0.00123 2.9478 0.0514 1827 40 1883 29 1878 19 100 1878 19
69.1 85 72 0.85 0.000020 0.000020 0.03 0.25654 0.00723 0.0530 0.0021 0.07906 0.00407 5.7236 0.1330 1044 39 1038 22 1174 106 89 1038 22
70.1 148 111 0.75 0.000140 0.000125 0.24 0.21430 0.00649 0.0560 0.0019 0.07810 0.00227 5.0758 0.0668 1102 36 1159 14 1149 59 101 1159 14
71.1 115 38 0.33 0.000393 0.000126 0.67 0.08625 0.00629 0.0430 0.0033 0.07135 0.00259 6.0543 0.0859 851 63 985 13 968 76 102 985 13
72.1 63 65 1.03 0.000020 0.000020 0.03 0.31069 0.00694 0.0899 0.0027 0.10193 0.00187 3.3431 0.0561 1739 49 1687 25 1660 34 102 1660 34
73.1 140 77 0.55 0.000025 0.000019 0.04 0.16201 0.00432 0.0624 0.0025 0.08030 0.00121 4.7487 0.1192 1224 47 1232 28 1204 30 102 1230 28
Overgrowths
63.1 446 40 0.09 0.000573 0.000097 1.03 0.00903 0.00389 0.0075 0.0032 0.05078 0.00171 13.3769 0.1449 151 65 465 5 231 80 200 465 5
66.1 704 89 0.13 0.000039 0.000016 0.07 0.02450 0.00092 0.0149 0.0006 0.05616 0.00067 13.0095 0.1436 298 12 477 5 459 27 104 477 5
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
1.1 713 479 0.67 0.000022 0.000022 0.01 0.19628 0.00402 0.0554 0.0014 0.07673 0.00070 5.2763 0.0593 1090 27 1119 12 1114 18 100 1119 12
2.1 52 49 0.95 0.001338 0.000597 0.95 0.26066 0.03625 0.0474 0.0072 0.06226 0.01178 5.7858 0.3160 936 139 1028 52 683 466 149 1028 52
3.1 187 89 0.47 0.000099 0.000064 0.16 0.13198 0.00678 0.0825 0.0048 0.10788 0.00159 3.3725 0.0771 1601 90 1674 34 1764 27 95 1764 27
4.1 95 124 1.30 0.000020 0.000020 0.18 0.35332 0.01288 0.0555 0.0030 0.08137 0.00312 4.8991 0.1678 1091 57 1197 38 1230 77 98 1197 38
5.1 245 99 0.40 0.000222 0.000201 0.36 0.11671 0.00484 0.0730 0.0040 0.08877 0.00336 3.9715 0.1226 1424 76 1448 40 1399 74 104 1448 40
6.1 619 342 0.55 0.000176 0.000086 0.56 0.17064 0.00430 0.0615 0.0021 0.08145 0.00186 5.0240 0.1019 1207 41 1170 22 1232 45 95 1170 22
7.1 217 233 1.08 0.000093 0.000129 0.27 0.30676 0.01343 0.0640 0.0046 0.08574 0.00376 4.4487 0.2117 1254 87 1307 57 1332 87 98 1307 57
8.1 1032 312 0.30 0.000315 0.000063 0.35 0.09975 0.00366 0.0468 0.0021 0.06619 0.00132 7.0445 0.0973 925 41 856 11 812 42 105 856 11
9.1 127 133 1.05 0.000520 0.000326 0.60 0.30480 0.01058 0.0522 0.0027 0.07264 0.00546 5.5841 0.1792 1028 52 1062 32 1004 161 106 1062 32
10.1 597 519 0.87 0.000079 0.000023 0.13 0.23753 0.00479 0.1433 0.0038 0.18068 0.00155 1.9070 0.0241 2706 67 2718 28 2659 14 102 2659 14
11.1 204 104 0.51 0.000205 0.000304 0.41 0.14787 0.00722 0.0478 0.0033 0.07272 0.00507 6.0609 0.2469 945 63 984 37 1006 148 98 984 37
12.1 188 181 0.96 0.000286 0.000118 0.33 0.28001 0.00806 0.0709 0.0030 0.08790 0.00302 4.1025 0.1087 1384 57 1406 34 1380 67 102 1406 34
13.1 255 221 0.87 0.000650 0.000155 0.93 0.26580 0.00776 0.0688 0.0026 0.08350 0.00324 4.4543 0.0875 1344 48 1306 23 1281 78 102 1306 23
14.1 198 191 0.96 0.000598 0.000284 0.90 0.25195 0.01288 0.0533 0.0034 0.07942 0.00520 4.9072 0.1558 1049 65 1196 35 1183 135 101 1196 35
15.1 311 1 0.00 0.000431 0.000131 0.28 -0.00140 0.00602 -0.1580 -0.6813 0.07812 0.00310 4.6951 0.1375 0 0 1245 33 1150 81 108 1245 33
16.1 663 99 0.15 0.000027 0.000034 0.04 0.04307 0.00475 0.0771 0.0087 0.09596 0.00187 3.7576 0.0670 1502 163 1521 24 1547 37 98 1547 37
18.1 51 57 1.11 0.001303 0.000502 2.09 0.32845 0.01620 0.0758 0.0089 0.09416 0.00868 3.8980 0.3523 1477 168 1472 120 1511 185 97 1511 185
19.1 441 59 0.13 0.000738 0.000272 0.33 0.04833 0.00510 0.0598 0.0069 0.06431 0.00457 6.0017 0.2338 1174 132 993 36 752 158 131 993 36
20.1 271 235 0.87 0.000071 0.000043 0.35 0.25827 0.01126 0.0507 0.0026 0.07506 0.00254 5.8829 0.1280 999 49 1012 20 1070 70 95 1012 20
21.1 732 364 0.50 0.000132 0.000044 0.09 0.14135 0.00396 0.0582 0.0020 0.07888 0.00134 4.8930 0.0834 1143 38 1199 19 1169 34 102 1199 19
22.1 476 120 0.25 0.000083 0.000049 0.13 0.05919 0.00302 0.0630 0.0036 0.10526 0.00126 3.7428 0.0730 1235 68 1526 27 1719 22 89 1719 22
23.1 536 327 0.61 0.000020 0.000018 0.03 0.19246 0.00497 0.0546 0.0023 0.07972 0.00111 5.7756 0.1659 1075 45 1029 27 1190 28 87 1190 28
24.1 223 105 0.47 0.000021 0.000024 0.03 0.13606 0.00829 0.1064 0.0074 0.12839 0.00249 2.7158 0.0804 2043 136 2021 52 2076 35 97 2076 35
25.1 264 129 0.49 0.000220 0.000158 0.33 0.14161 0.00493 0.0531 0.0022 0.07551 0.00279 5.4423 0.1042 1046 43 1087 19 1082 76 101 1087 19
26.1 675 567 0.84 0.000138 0.000061 0.16 0.23909 0.00572 0.0611 0.0018 0.08173 0.00194 4.6655 0.0731 1198 35 1252 18 1239 47 101 1252 18
27.1 246 1 0.00 0.000201 0.000104 0.55 -0.00670 0.00676 -0.4130 -0.4181 0.08332 0.00310 4.7755 0.1081 0 0 1226 25 1277 74 96 1226 25
28.1 269 130 0.48 0.000121 0.000059 2.85 0.07104 0.00643 0.0466 0.0044 0.10431 0.00166 3.1584 0.0640 921 85 1773 31 1702 30 107 1702 30
29.1 500 181 0.36 0.000100 0.000077 -2.57 0.15849 0.00423 0.0862 0.0030 0.08086 0.00163 5.0896 0.0917 1670 56 1156 19 1218 40 93 1218 40
31.1 576 414 0.72 0.000153 0.000065 0.25 0.20481 0.00680 0.0782 0.0032 0.10896 0.00145 3.6465 0.0709 1522 60 1562 27 1782 25 88 1782 25
32.1 181 79 0.44 0.000342 0.000153 0.39 0.12353 0.00946 0.0714 0.0060 0.08950 0.00396 3.9732 0.1144 1394 114 1447 37 1415 87 102 1447 37
33.1 112 145 1.30 0.000451 0.000252 1.03 0.37967 0.01317 0.0541 0.0029 0.07878 0.00475 5.4129 0.1850 1065 56 1093 34 1167 124 94 1093 34
34.1 344 91 0.27 0.000134 0.000185 0.10 0.08412 0.00948 0.0328 0.0038 0.05988 0.00459 9.6425 0.2102 653 74 636 13 599 175 106 636 13
35.1 243 89 0.37 0.000506 0.000272 0.81 0.13869 0.01207 0.0766 0.0071 0.10053 0.00533 4.9495 0.1176 1491 134 1186 26 1634 102 73 1634 102
36.1 1055 156 0.15 0.000213 0.000127 0.47 0.03821 0.00333 0.0262 0.0024 0.06177 0.00231 9.8385 0.1713 523 46 624 10 666 82 94 624 10
37.1 170 134 0.79 0.000104 0.000093 0.17 0.23624 0.00861 0.0557 0.0030 0.08159 0.00298 5.3526 0.1741 1096 57 1104 33 1236 73 89 1236 73
38.1 208 92 0.44 0.000302 0.000251 0.82 0.12081 0.00830 0.0443 0.0035 0.07444 0.00477 6.1888 0.1975 876 67 966 29 1053 135 92 966 29
39.1 500 222 0.44 0.000244 0.000086 0.45 0.13705 0.00443 0.0538 0.0020 0.07433 0.00180 5.7379 0.0927 1059 39 1036 15 1051 50 99 1036 15
40.1 139 72 0.52 0.000491 0.000235 1.38 0.15086 0.00940 0.0300 0.0027 0.06622 0.00430 9.7325 0.5277 597 52 630 33 813 142 78 630 33
41.1 149 155 1.04 0.000277 0.000209 0.92 0.30319 0.01123 0.0563 0.0029 0.08223 0.00397 5.1656 0.1599 1107 56 1141 32 1251 97 92 1141 32
42.1 74 70 0.94 0.000866 0.000545 1.94 0.25169 0.01374 0.0667 0.0050 0.09586 0.00894 3.9987 0.1737 1304 94 1439 56 1545 186 94 1439 56
43.1 456 764 1.67 0.000157 0.000049 0.26 0.47719 0.00495 0.0915 0.0030 0.11234 0.00121 3.1168 0.0827 1769 56 1794 42 1838 20 98 1838 20
44.1 350 332 0.95 0.000149 0.000057 0.24 0.27917 0.00543 0.0694 0.0027 0.09403 0.00175 4.2515 0.1225 1356 51 1362 35 1509 36 90 1509 36
45.1 154 197 1.28 0.000369 0.000139 0.59 0.34625 0.00853 0.0707 0.0031 0.09358 0.00285 3.8362 0.1233 1382 59 1493 43 1500 59 100 1500 59
46.1 175 111 0.64 0.000133 0.000077 0.22 0.16887 0.00678 0.1267 0.0066 0.16053 0.00250 2.0932 0.0583 2411 119 2517 58 2461 27 102 2461 27
47.1 94 140 1.48 0.000287 0.000180 0.46 0.41060 0.01881 0.0859 0.0055 0.10695 0.00508 3.2321 0.1235 1666 102 1738 58 1748 90 99 1748 90
48.1 882 352 0.40 0.000196 0.000061 0.05 0.12184 0.00316 0.0586 0.0026 0.07498 0.00130 5.2098 0.1559 1150 49 1132 31 1068 35 106 1132 31
Table 4.11. U-Th-Pb isotopic analyses of zircon from calc-silicate rock, NW of Atula Hometead
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
49.1 627 108 0.17 0.000097 0.000042 0.15 0.04383 0.00478 0.1140 0.0126 0.16018 0.00181 2.2247 0.0324 2183 231 2393 29 2458 19 97 2458 19
50.1 333 143 0.43 0.000107 0.000098 -0.06 0.13241 0.01321 0.0770 0.0083 0.08851 0.00468 3.9958 0.1517 1499 156 1440 49 1394 105 103 1437 49
51.1 404 332 0.82 0.000373 0.000092 0.90 0.23453 0.00732 0.0616 0.0024 0.08539 0.00205 4.6326 0.0908 1208 45 1260 22 1324 47 95 1260 22
52.1 1174 592 0.50 0.000036 0.000016 0.40 0.13506 0.00331 0.0530 0.0017 0.08177 0.00109 5.0557 0.0867 1044 32 1163 18 1240 26 94 1163 18
53.1 133 135 1.01 0.000830 0.000318 1.23 0.29489 0.01081 0.0513 0.0026 0.07329 0.00538 5.6624 0.1668 1012 50 1048 29 1022 156 103 1048 29
54.1 400 140 0.35 0.000097 0.000035 0.15 0.09487 0.00372 0.0877 0.0040 0.10924 0.00132 3.0870 0.0634 1700 75 1809 32 1787 22 101 1787 22
55.1 179 80 0.45 0.000253 0.000100 0.16 0.12646 0.00580 0.0691 0.0045 0.08714 0.00236 4.0807 0.1628 1351 86 1413 51 1363 53 103 1363 53
57.1 504 216 0.43 0.000096 0.000039 0.15 0.11578 0.00381 0.0585 0.0022 0.08698 0.00127 4.6151 0.0733 1150 42 1264 18 1360 28 93 1360 28
58.1 253 12 0.05 0.000274 0.000129 0.75 0.00734 0.00670 0.0293 0.0267 0.07989 0.00323 5.2588 0.1096 583 532 1122 21 1194 82 94 1122 21
59.1 323 57 0.18 0.000181 0.000117 0.29 0.04758 0.00397 0.0766 0.0067 0.10587 0.00229 3.4918 0.0678 1492 126 1623 28 1729 40 94 1729 40
60.1 50 31 0.61 0.000489 0.000404 0.78 0.21555 0.01664 0.0551 0.0054 0.08359 0.00787 6.3693 0.3112 1083 103 940 43 1283 195 73 940 43
61.1 363 363 1.00 0.000685 0.000169 1.24 0.28925 0.00788 0.0517 0.0023 0.07606 0.00315 5.5883 0.1706 1020 45 1061 30 1097 85 97 1061 30
62.1 322 148 0.46 0.000133 0.000144 0.21 0.14321 0.00503 0.0825 0.0039 0.09474 0.00268 3.7703 0.1037 1601 74 1517 37 1523 54 100 1523 54
63.1 347 94 0.27 0.000190 0.000061 0.30 0.07292 0.00340 0.0856 0.0056 0.10699 0.00147 3.1592 0.1235 1659 105 1773 61 1749 25 101 1749 25
64.1 794 383 0.48 0.000236 0.000084 0.59 0.14168 0.00463 0.0473 0.0019 0.07310 0.00168 6.2134 0.1139 933 36 962 16 1017 47 95 962 16
65.1 165 85 0.51 0.000272 0.000326 0.11 0.17864 0.01444 0.0549 0.0048 0.06763 0.00548 6.3195 0.1727 1080 92 947 24 857 178 110 947 24
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Cores
5.2 852 267 0.31 0.000027 0.000009 0.04 0.04487 0.00124 0.0362 0.0011 0.09775 0.00038 3.9590 0.0201 718 21 1452 7 1582 7 92 1582 7
7.2 110 50 0.46 0.000108 0.000029 0.66 0.13250 0.00378 0.0587 0.0019 0.08426 0.00109 4.9383 0.0617 1152 36 1189 14 1299 25 92 1299 25
10.2 1056 714 0.68 0.000049 0.000011 0.08 0.04612 0.00156 0.0197 0.0007 0.11468 0.00060 3.4618 0.0319 394 14 1636 13 1875 10 87 1875 10
12.2 87 96 1.10 0.000494 0.000129 0.52 0.31407 0.00579 0.0623 0.0017 0.08112 0.00235 4.5778 0.0739 1221 31 1274 19 1224 58 104 1274 19
19.2 483 171 0.35 0.000115 0.000032 0.18 0.09749 0.00158 0.0818 0.0021 0.10912 0.00071 3.3668 0.0566 1589 40 1676 25 1785 12 94 1785 12
25.2 150 280 1.87 0.000328 0.000059 0.51 0.35286 0.00580 0.0541 0.0018 0.10708 0.00190 3.4875 0.0843 1064 34 1625 35 1750 33 93 1750 33
33.1 431 247 0.57 0.000036 0.000007 0.03 0.15200 0.00492 0.2049 0.0070 0.31974 0.00150 1.2967 0.0112 3767 117 3685 24 3569 7 103 3569 7
34.1 159 181 1.14 0.000020 0.000007 0.03 0.31413 0.00635 0.1281 0.0032 0.16337 0.00203 2.1423 0.0274 2437 58 2469 26 2491 21 99 2491 21
35.1 105 85 0.81 0.000384 0.000106 0.56 0.24732 0.00472 0.0605 0.0017 0.07846 0.00199 5.0655 0.0907 1186 32 1161 19 1159 51 100 1161 19
36.1 550 472 0.86 0.000059 0.000016 0.09 0.28209 0.00285 0.0923 0.0017 0.11103 0.00072 3.5594 0.0464 1784 32 1596 18 1816 12 88 1816 12
37.1 286 222 0.78 0.000069 0.000036 0.11 0.22405 0.00345 0.0968 0.0018 0.11465 0.00080 2.9697 0.0243 1868 32 1871 13 1874 13 100 1874 13
38.1 797 2352 2.95 0.000494 0.000052 0.97 0.16371 0.00214 0.0055 0.0001 0.06108 0.00092 10.1262 0.0523 110 2 607 3 642 33 95 607 3
39.1 148 68 0.46 0.000215 0.000052 0.28 0.13937 0.00312 0.0530 0.0014 0.07364 0.00117 5.7190 0.0695 1043 27 1039 12 1032 33 101 1039 12
40.1 279 110 0.40 0.000049 0.000023 0.07 0.10957 0.00275 0.1284 0.0037 0.15818 0.00104 2.1575 0.0247 2442 67 2455 23 2436 11 101 2436 11
41.1 236 84 0.36 0.000281 0.000053 0.27 0.10909 0.00315 0.0559 0.0018 0.07438 0.00126 5.4557 0.0720 1099 35 1085 13 1052 35 103 1085 13
42.1 754 343 0.45 0.000029 0.000007 0.06 0.13429 0.00143 0.0635 0.0008 0.08395 0.00044 4.6546 0.0305 1244 16 1255 7 1291 10 97 1255 7
43.1 214 150 0.70 0.000161 0.000029 0.26 0.20266 0.00463 0.0847 0.0022 0.10044 0.00127 3.4247 0.0368 1644 41 1652 16 1632 24 101 1632 24
44.1 105 67 0.64 0.000250 0.000074 0.38 0.18665 0.00494 0.1053 0.0033 0.12155 0.00162 2.7722 0.0398 2023 60 1986 25 1979 24 100 1979 24
45.1 475 328 0.69 0.000093 0.000021 0.16 0.20239 0.00270 0.0605 0.0010 0.07812 0.00086 4.8462 0.0372 1187 19 1209 8 1150 22 105 1209 8
46.1 97 51 0.53 0.000202 0.000067 0.30 0.14961 0.00529 0.1043 0.0044 0.12756 0.00174 2.7100 0.0529 2005 80 2025 34 2065 24 98 2065 24
47.1 162 88 0.55 0.000298 0.000062 0.08 0.17193 0.00360 0.0569 0.0016 0.07199 0.00126 5.5265 0.0858 1118 30 1072 15 986 36 108 1072 15
48.1 208 53 0.25 0.000127 0.000062 0.13 0.07261 0.00205 0.1065 0.0035 0.12502 0.00118 2.6777 0.0347 2045 63 2046 23 2029 17 101 2029 17
49.1 402 147 0.36 0.000181 0.000080 0.08 0.11220 0.00219 0.0533 0.0012 0.07208 0.00144 5.7768 0.0463 1050 22 1029 8 988 41 104 1029 8
50.1 350 293 0.84 0.000084 0.000019 0.13 0.23978 0.00267 0.0883 0.0013 0.10663 0.00086 3.2482 0.0232 1709 24 1730 11 1743 15 99 1743 15
51.1 379 310 0.82 0.000086 0.000020 0.14 0.22427 0.00365 0.0766 0.0016 0.09928 0.00062 3.5768 0.0352 1492 31 1589 14 1611 12 99 1611 12
52.1 186 238 1.28 0.000194 0.000034 0.31 0.34232 0.00371 0.0802 0.0017 0.09988 0.00100 3.3411 0.0511 1559 31 1688 23 1622 19 104 1622 19
53.1 560 57 0.10 0.000032 0.000008 0.05 0.02812 0.00169 0.0897 0.0055 0.11431 0.00062 3.0630 0.0288 1736 102 1821 15 1869 10 97 1869 10
54.1 238 106 0.44 0.000107 0.000020 0.15 0.12085 0.00379 0.1248 0.0047 0.17066 0.00135 2.1784 0.0346 2376 84 2435 32 2564 13 95 2564 13
55.1 575 56 0.10 0.000065 0.000011 0.10 0.02525 0.00178 0.0826 0.0059 0.11130 0.00070 3.1556 0.0192 1604 110 1775 9 1821 11 98 1821 11
56.1 177 152 0.86 0.000081 0.000030 0.26 0.24963 0.00423 0.0729 0.0023 0.09256 0.00130 4.0013 0.0919 1422 43 1438 30 1479 27 97 1479 27
57.1 786 74 0.09 0.000039 0.000018 0.06 0.04186 0.00128 0.0774 0.0026 0.09732 0.00053 5.7547 0.0548 1506 49 1033 9 1573 10 66 1573 10
58.1 250 103 0.41 0.000118 0.000021 0.18 0.12071 0.00231 0.0982 0.0022 0.11300 0.00064 2.9821 0.0300 1894 41 1864 16 1848 10 101 1848 10
59.1 157 204 1.29 0.000139 0.000063 0.45 0.37842 0.00868 0.0564 0.0018 0.08003 0.00190 5.1798 0.1085 1109 35 1138 22 1198 48 95 1138 22
60.1 858 764 0.89 0.000177 0.000045 0.35 0.16664 0.00171 0.0166 0.0003 0.05891 0.00082 11.2940 0.1016 332 6 547 5 564 30 97 547 5
61.1 288 108 0.37 0.000344 0.000083 0.98 0.14031 0.00297 0.0403 0.0010 0.06487 0.00150 9.2881 0.0952 799 20 659 6 770 50 86 770 50
62.1 96 93 0.97 0.000385 0.000078 0.59 0.27582 0.00420 0.0995 0.0039 0.11397 0.00168 2.8553 0.0870 1917 71 1936 51 1864 27 104 1864 27
63.1 51 32 0.63 0.000788 0.000195 0.94 0.17982 0.00809 0.0627 0.0033 0.08153 0.00356 4.5411 0.1075 1229 63 1283 28 1234 88 104 1283 28
64.1 388 375 0.97 0.000107 0.000018 0.17 0.11184 0.00227 0.0308 0.0008 0.10988 0.00083 3.7502 0.0479 613 15 1524 17 1797 14 85 1797 14
65.1 271 251 0.92 -0.000076 0.000047 -0.12 0.26658 0.00382 0.1002 0.0027 0.12712 0.00133 2.8768 0.0551 1930 49 1923 32 2059 19 93 2059 19
66.1 147 65 0.44 0.000257 0.000067 0.12 0.13138 0.00296 0.0708 0.0020 0.08606 0.00137 4.1760 0.0630 1383 38 1384 19 1339 31 103 1384 19
67.1 112 50 0.44 0.000404 0.000250 1.03 0.13293 0.00550 0.0543 0.0028 0.07875 0.00406 5.5211 0.1375 1069 53 1073 25 1166 106 92 1073 25
68.1 299 260 0.87 0.000122 0.000033 0.37 0.25473 0.00455 0.0570 0.0012 0.07977 0.00085 5.1563 0.0491 1120 23 1143 10 1191 21 96 1143 10
69.1 395 309 0.78 0.000107 0.000026 0.16 0.19952 0.00245 0.1083 0.0017 0.16007 0.00074 2.3513 0.0187 2079 31 2285 15 2456 8 93 2456 8
70.1 385 343 0.89 0.000146 0.000043 -0.06 0.25711 0.00477 0.0652 0.0019 0.08297 0.00116 4.4210 0.0858 1277 37 1315 23 1269 28 103 1311 23
Table 4.12. U-Th-Pb isotopic analyses of zircon from quartzite, SW of Atula homestead
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
71.1 339 93 0.27 0.000087 0.000020 0.20 0.07913 0.00316 0.0872 0.0038 0.10962 0.00119 3.3156 0.0481 1690 71 1699 22 1793 20 95 1793 20
72.1 312 77 0.25 0.000092 0.000022 0.14 0.04033 0.00185 0.0503 0.0026 0.11248 0.00070 3.2346 0.0685 992 51 1737 32 1840 11 94 1840 11
73.1 590 52 0.09 0.000089 0.000027 0.56 0.02568 0.00198 0.0578 0.0046 0.10249 0.00074 5.0512 0.0382 1136 87 1164 8 1670 13 70 1670 13
74.1 234 78 0.33 0.000336 0.000052 0.53 0.08494 0.00339 0.0740 0.0034 0.10220 0.00133 3.4469 0.0653 1443 64 1642 28 1664 24 99 1664 24
75.1 608 157 0.26 0.000095 0.000022 0.25 0.07311 0.00184 0.0510 0.0014 0.07632 0.00063 5.5393 0.0457 1006 27 1070 8 1103 17 97 1070 8
76.1 274 135 0.49 0.000105 0.000031 0.43 0.13794 0.00351 0.0604 0.0024 0.08554 0.00109 4.6365 0.1164 1185 45 1259 29 1328 25 95 1259 29
77.1 386 369 0.96 0.000225 0.000037 0.40 0.28062 0.00519 0.0572 0.0016 0.07877 0.00181 5.1281 0.0867 1124 30 1148 18 1166 46 99 1148 18
78.1 308 181 0.59 0.000276 0.000051 0.54 0.17091 0.00274 0.0549 0.0013 0.07805 0.00106 5.3112 0.0764 1080 24 1112 15 1148 27 97 1112 15
79.1 200 181 0.91 0.000357 0.000104 0.55 0.25107 0.00455 0.0859 0.0032 0.11517 0.00204 3.2268 0.0899 1665 60 1740 43 1883 32 92 1883 32
80.1 137 45 0.33 0.000285 0.000140 0.58 0.08849 0.00435 0.0559 0.0030 0.08217 0.00237 4.8263 0.0943 1099 58 1214 22 1249 58 97 1214 22
81.1 614 223 0.36 0.000034 0.000014 0.05 0.10336 0.00427 0.0878 0.0040 0.11118 0.00155 3.2408 0.0524 1700 75 1734 25 1819 25 95 1819 25
82.1 533 301 0.56 0.000069 0.000029 0.11 0.15861 0.00181 0.0818 0.0016 0.10454 0.00070 3.4408 0.0442 1589 29 1645 19 1706 12 96 1706 12
83.1 49 47 0.96 0.000983 0.000307 1.86 0.27128 0.01176 0.0544 0.0030 0.08049 0.00608 5.1919 0.1465 1071 57 1135 29 1209 156 94 1135 29
84.1 480 131 0.27 0.000072 0.000033 0.27 0.07559 0.00202 0.0577 0.0017 0.08276 0.00085 4.8107 0.0365 1134 32 1217 8 1264 20 97 1217 8
85.1 211 68 0.32 0.000239 0.000049 0.11 0.09357 0.00336 0.0863 0.0033 0.10670 0.00130 3.3615 0.0394 1673 62 1679 17 1744 22 96 1744 22
86.1 1060 1508 1.42 0.000294 0.000031 0.75 0.28286 0.00214 0.0242 0.0002 0.06620 0.00073 8.2197 0.0477 483 5 740 4 813 23 91 813 23
87.1 164 196 1.19 0.000194 0.000050 0.31 0.33824 0.00386 0.0804 0.0026 0.10236 0.00122 3.5271 0.0925 1564 49 1609 37 1667 22 97 1667 22
88.1 491 2712 5.52 0.000486 0.000123 0.73 1.37110 0.01438 0.0328 0.0008 0.06514 0.00204 7.5685 0.1325 653 15 800 13 779 67 103 800 13
89.1 814 1007 1.24 0.000118 0.000021 0.18 0.09498 0.00246 0.0127 0.0004 0.12482 0.00075 6.0455 0.0409 255 7 987 6 2026 11 49 2026 11
90.1 262 287 1.10 0.000199 0.000040 0.58 0.31519 0.00688 0.0678 0.0019 0.09033 0.00194 4.2371 0.0685 1327 36 1366 20 1433 42 96 1433 42
91.1 488 336 0.69 0.000058 0.000017 0.69 0.21576 0.00249 0.0739 0.0011 0.09310 0.00064 4.2354 0.0347 1440 21 1366 10 1490 13 92 1490 13
92.1 235 161 0.68 0.000081 0.000046 0.80 0.19397 0.00422 0.0523 0.0016 0.08188 0.00132 5.4260 0.0973 1031 31 1090 18 1243 32 88 1243 32
Abraded overgrowths
1.1 741 16 0.02 0.000196 0.000066 0.30 -0.00054 0.00210 -0.0079 -0.0309 0.11249 0.00128 3.0770 0.0438 0 0 1814 23 1840 21 99 1840 21
2.1 478 174 0.36 0.000322 0.000201 0.37 0.08061 0.00758 0.0187 0.0018 0.05607 0.00367 11.8908 0.1608 374 35 521 7 455 152 114 521 7
3.1 1177 178 0.15 0.000020 0.000015 0.03 0.02635 0.00187 0.0546 0.0040 0.11438 0.00073 3.2013 0.0361 1074 76 1752 17 1870 12 94 1870 12
6.1 732 155 0.21 0.000109 0.000158 1.99 -0.03435 0.00422 -0.0156 -0.0020 0.07432 0.00295 10.4214 0.1379 0 0 591 7 1050 82 57 1050 82
7.1 1042 30 0.03 0.000018 0.000026 0.02 0.00643 0.00231 0.0619 0.0222 0.09968 0.00097 3.6512 0.0404 1214 428 1560 15 1618 18 96 1618 18
8.1 900 735 0.82 0.000020 0.000020 0.52 -0.00332 0.00273 -0.0003 -0.0003 0.06119 0.00107 12.4409 0.1943 0 0 498 8 646 38 78 646 38
11.1 785 277 0.35 0.000049 0.000027 0.09 0.00053 0.00202 0.0005 0.0017 0.10752 0.00088 3.3286 0.0459 9 35 1693 21 1758 15 96 1758 15
16.1 1956 3337 1.71 0.002418 0.000311 7.24 0.01229 0.00500 0.0004 0.0002 0.07676 0.00513 19.0324 0.2349 8 3 330 4 1115 140 31 1115 140
16.2 1896 3586 1.89 0.002501 0.000182 7.19 0.00859 0.00408 0.0003 0.0001 0.07570 0.00314 17.8215 0.2199 5 2 352 4 1087 86 33 1087 86
18.1 620 13 0.02 0.000171 0.000102 0.28 0.00118 0.00249 0.0183 0.0386 0.11354 0.00183 3.1346 0.0516 366 751 1785 26 1857 29 96 1857 29
19.1 1257 85 0.07 0.000030 0.000021 0.06 0.00233 0.00150 0.0102 0.0065 0.10373 0.00066 3.4068 0.0247 204 131 1659 11 1692 12 98 1692 12
22.1 1339 3822 2.85 0.000336 0.000053 0.54 0.02010 0.00226 0.0017 0.0002 0.10344 0.00118 4.0395 0.0350 35 4 1426 11 1687 21 85 1687 21
24.1 525 301 0.57 0.000128 0.000078 0.24 0.00432 0.00270 0.0020 0.0012 0.10454 0.00158 3.8504 0.0536 39 25 1488 19 1706 28 87 1706 28
26.1 849 2800 3.30 0.000109 0.000059 0.18 0.05271 0.00291 0.0023 0.0001 0.09846 0.00135 6.9528 0.0809 46 3 866 9 1595 26 54 1595 26
27.1 537 38 0.07 0.000100 0.000056 0.16 0.01834 0.00232 0.0800 0.0102 0.10945 0.00121 3.2520 0.0364 1555 192 1728 17 1790 20 97 1790 20
30.1 534 41 0.08 0.000020 0.000020 0.02 0.02082 0.00380 0.0915 0.0168 0.11331 0.00147 2.9983 0.0337 1769 313 1855 18 1853 24 100 1853 24
31.1 1320 66 0.05 0.000044 0.000022 0.09 0.00962 0.00229 0.0464 0.0111 0.10269 0.00093 4.1754 0.0297 916 215 0 9 1673 17 83 1673 17
32.1 1189 9 0.01 0.000069 0.000039 0.12 0.00020 0.00234 0.0042 0.0491 0.07486 0.00109 6.0764 0.0639 85 964 982 10 1065 30 92 1065 30
In-situ overgrowths
4.1 914 12 0.01 0.000020 0.000034 0.25 -0.00150 0.00329 -0.0081 -0.0177 0.05782 0.00134 13.7365 0.1917 0 0 453 6 523 52 87
5.1 903 9 0.01 0.000215 0.000231 0.30 -0.00153 0.00264 -0.0107 -0.0185 0.05531 0.00376 13.6336 0.1347 0 0 456 4 425 159 107
9.1 1002 7 0.01 0.000093 0.000075 0.11 0.00224 0.00238 0.0237 0.0253 0.05585 0.00148 13.3331 0.1878 474 493 466 6 446 60 104
10.1 763 57 0.07 0.000032 0.000080 0.23 0.00232 0.00291 0.0023 0.0029 0.05748 0.00166 13.6205 0.1992 46 58 457 6 510 65 90
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant Inferred age ±
Apparent Ages (Ma)
12.1 880 5 0.01 0.000020 0.000020 -0.07 0.00390 0.00243 0.0576 0.0360 0.05563 0.00098 13.2483 0.1562 1132 700 469 5 438 40 107
13.1 724 55 0.08 0.000020 0.000034 0.29 -0.00021 0.00300 -0.0002 -0.0030 0.05834 0.00125 13.3144 0.1538 0 0 467 5 542 48 86
17.1 850 4 0.01 0.000217 0.000125 0.27 -0.00147 0.00270 -0.0215 -0.0395 0.05532 0.00221 13.3699 0.2106 0 0 465 7 425 92 109
20.1 619 4 0.01 0.000337 0.000123 0.29 -0.00166 0.00408 -0.0206 -0.0508 0.05376 0.00247 13.3791 0.1832 0 0 465 6 361 107 128
21.1 1124 5 0.00 0.000137 0.000066 0.12 0.00089 0.00219 0.0149 0.0369 0.05578 0.00130 12.7622 0.1329 299 721 486 5 444 53 109
23.1 707 3 0.00 0.000103 0.000226 0.10 -0.00033 0.00440 -0.0054 -0.0711 0.05525 0.00392 13.8121 0.1790 0 0 451 6 422 167 107
25.1 871 5 0.01 0.000061 0.000049 0.31 -0.00321 0.00284 -0.0425 -0.0376 0.05784 0.00133 13.4393 0.1493 0 0 463 5 524 51 89
28.1 739 5 0.01 0.000220 0.000162 0.12 0.00241 0.00291 0.0288 0.0347 0.05405 0.00277 13.4318 0.1794 573 671 463 6 373 120 124
29.1 486 2 0.00 0.000020 0.000020 0.04 0.00283 0.00369 0.0471 0.0614 0.05631 0.00143 13.4325 0.2391 930 1151 463 8 465 57 100
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Cores
6.1 152 147 0.96 0.000168 0.000067 0.18 0.28950 0.00812 0.0568 0.0019 0.07592 0.00169 5.2963 0.0814 1116 36 1115 16 1093 45 102
11.1 98 95 0.97 0.000316 0.000104 0.43 0.29565 0.00684 0.0507 0.0019 0.07147 0.00222 6.0179 0.1456 1000 36 991 22 971 65 102
13.1 12 29 2.46 0.000521 0.000240 3.63 0.79378 0.03453 0.0579 0.0044 0.09983 0.00739 5.5645 0.3003 1138 85 1065 53 1621 145 68
17.1 288 147 0.51 0.000076 0.000031 0.61 0.13174 0.00648 0.0349 0.0019 0.07070 0.00202 7.3993 0.1814 693 38 817 19 949 60 87
19.1 130 143 1.10 0.000135 0.000073 0.40 0.31351 0.00647 0.0482 0.0013 0.07439 0.00186 5.9131 0.0924 952 26 1007 15 1052 51 96
28.1 95 328 3.47 0.001175 0.000324 5.39 0.17248 0.01224 0.0024 0.0002 0.08486 0.00598 20.9312 0.5060 48 4 301 7 1312 143 24
Oscillatory-zoned zircon
1.1 119 109 0.92 0.000214 0.000092 0.44 0.27012 0.00923 0.0248 0.0010 0.05863 0.00216 11.8862 0.2332 496 20 521 10 553 83 94
4.1 139 117 0.84 0.000155 0.000089 0.36 0.23834 0.00759 0.0237 0.0009 0.05864 0.00202 11.9577 0.2056 474 18 518 9 554 77 94
5.1 261 351 1.34 0.000629 0.000127 0.78 0.40201 0.00840 0.0253 0.0007 0.05568 0.00218 11.8619 0.1713 504 14 522 7 439 90 119
8.1 1221 115 0.09 0.000048 0.000019 0.09 0.01075 0.00114 0.0096 0.0010 0.05793 0.00053 11.8475 0.0693 193 20 522 3 527 20 99
10.1 363 400 1.10 0.000095 0.000041 -0.02 0.35197 0.00478 0.0276 0.0005 0.05656 0.00106 11.5983 0.1351 549 10 533 6 475 42 112
11.2 413 94 0.23 0.000097 0.000049 0.12 0.06728 0.00369 0.0249 0.0014 0.05751 0.00157 11.8422 0.0857 497 27 523 4 511 61 102
14.1 612 803 1.31 0.000037 0.000023 -0.06 0.39435 0.00325 0.0258 0.0004 0.05700 0.00064 11.6502 0.1039 514 7 531 5 492 25 108
15.1 500 389 0.78 0.000029 0.000020 0.14 0.24837 0.00427 0.0270 0.0006 0.05866 0.00094 11.8441 0.1517 538 12 523 6 555 35 94
16.1 841 363 0.43 0.000062 0.000021 -0.17 0.12695 0.00293 0.0245 0.0010 0.05525 0.00066 11.9967 0.2790 490 19 516 12 422 27 122
18.1 362 352 0.97 0.000135 0.000075 0.28 0.28222 0.00488 0.0237 0.0007 0.05792 0.00138 12.2368 0.2287 473 14 506 9 527 53 96
21.1 339 406 1.20 0.000111 0.000042 0.07 0.36658 0.00458 0.0262 0.0004 0.05703 0.00101 11.6864 0.1108 523 9 529 5 493 40 107
21.2 280 329 1.17 0.000140 0.000054 0.14 0.36137 0.00547 0.0260 0.0005 0.05709 0.00144 11.8329 0.1361 520 10 523 6 495 57 106
23.1 440 534 1.21 0.000093 0.000036 0.28 0.36863 0.00926 0.0250 0.0017 0.05864 0.00155 12.1693 0.5996 499 33 509 24 554 59 92
25.1 94 101 1.08 0.000183 0.000100 0.62 0.33031 0.00972 0.0252 0.0009 0.06046 0.00240 12.1229 0.1765 503 17 511 7 620 88 83
26.1 261 315 1.21 0.000056 0.000040 0.07 0.36419 0.00583 0.0248 0.0006 0.05726 0.00146 12.1410 0.1750 496 12 510 7 502 57 102
Convolutely-zoned zircon
2.1 458 76 0.17 0.000068 0.000028 0.11 0.05193 0.00194 0.0238 0.0009 0.05651 0.00076 13.1532 0.0824 474 18 472 3 473 30 100
3.1 168 125 0.75 0.000067 0.000051 0.51 0.22705 0.00674 0.0246 0.0008 0.06091 0.00188 12.3749 0.1654 491 16 501 6 636 68 79
6.2 660 100 0.15 0.000029 0.000017 0.23 0.03883 0.00194 0.0205 0.0010 0.05871 0.00074 12.5307 0.0923 411 21 495 4 556 28 89
7.1 172 356 2.07 0.000368 0.000155 0.72 0.21487 0.00569 0.0066 0.0002 0.05589 0.00270 15.6941 0.2522 133 4 398 6 448 111 89
9.1 327 72 0.22 0.000079 0.000044 0.25 0.06104 0.00293 0.0228 0.0011 0.05862 0.00113 12.1546 0.1344 455 22 510 5 553 43 92
9.2 499 336 0.67 0.000190 0.000060 0.30 0.18958 0.00318 0.0225 0.0005 0.05702 0.00118 12.5112 0.1505 450 10 496 6 493 46 101
12.1 172 95 0.55 0.000352 0.000155 0.94 0.16159 0.00665 0.0214 0.0010 0.05951 0.00290 13.6465 0.2051 428 19 456 7 586 110 78
15.2 457 437 0.96 0.000157 0.000050 0.37 0.29674 0.00354 0.0250 0.0004 0.05831 0.00099 12.3806 0.1189 499 8 501 5 541 38 93
16.2 361 85 0.24 0.000266 0.000072 0.38 0.04907 0.00328 0.0168 0.0012 0.05674 0.00164 12.4232 0.1866 336 23 499 7 481 65 104
20.1 1975 5877 2.97 0.000568 0.000074 1.35 0.04959 0.00141 0.0010 0.0000 0.05795 0.00124 16.9536 0.0890 20 1 369 2 528 47 70
20.2 460 575 1.25 0.000886 0.000146 2.05 0.07874 0.00489 0.0025 0.0002 0.05700 0.00270 25.2234 0.2613 50 3 251 3 492 108 51
22.1 944 1241 1.31 0.000280 0.000046 0.41 0.14995 0.00280 0.0087 0.0002 0.05614 0.00108 13.1887 0.0860 174 4 471 3 458 43 103
22.2 722 165 0.23 0.000150 0.000049 0.24 0.04178 0.00287 0.0145 0.0010 0.05697 0.00132 12.6560 0.1045 290 20 490 4 491 52 100
24.1 283 256 0.90 0.000120 0.000122 0.39 0.12033 0.00434 0.0105 0.0004 0.05872 0.00209 12.6678 0.1391 211 8 490 5 557 79 88
27.1 736 983 1.34 0.000070 0.000024 0.09 0.40215 0.00499 0.0249 0.0004 0.05731 0.00064 12.1043 0.0709 496 7 512 3 503 25 102
29.1 1026 1308 1.28 0.000285 0.000045 0.57 0.03669 0.00166 0.0021 0.0001 0.05687 0.00089 14.0181 0.0976 41 2 444 3 486 35 91
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.1. U-Th-Pb isotopic analyses of zircon from the Indiana Walls granite, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
1.1 245 218 0.89 0.000009 0.000011 0.15 0.28403 0.00430 0.0266 0.0005 0.05873 0.00084 12.0060 0.1273 530 10 516 5 557 31 93
1.2 250 235 0.94 0.000015 0.000009 0.04 0.29554 0.00713 0.0261 0.0007 0.05769 0.00112 12.0500 0.1301 521 14 514 5 518 43 99
2.1 159 106 0.66 0.000020 0.000020 0.15 0.18665 0.00717 0.0242 0.0010 0.05898 0.00121 11.6440 0.1855 482 20 531 8 566 45 94
2.2 158 120 0.76 0.000089 0.000067 0.19 0.21577 0.00615 0.0233 0.0009 0.05764 0.00182 12.2090 0.2380 466 17 508 10 516 71 98
3.1 192 263 1.37 0.000020 0.000020 0.09 0.38121 0.00839 0.0232 0.0006 0.05810 0.00090 12.0110 0.1519 463 12 516 6 534 34 97
4.1 312 421 1.35 0.000032 0.000024 0.19 0.39838 0.00756 0.0239 0.0006 0.05833 0.00081 12.3640 0.1824 477 12 501 7 542 31 93
5.1 562 254 0.45 0.000087 0.000031 0.00 0.13420 0.00263 0.0249 0.0005 0.05645 0.00070 11.9310 0.0880 496 11 519 4 470 28 110
5.2 440 196 0.45 0.000172 0.000050 0.14 0.12930 0.00419 0.0241 0.0008 0.05625 0.00126 12.0070 0.0945 481 16 516 4 462 51 111
6.1 167 147 0.88 0.000079 0.000044 0.07 0.24113 0.01083 0.0231 0.0011 0.05724 0.00123 11.8630 0.1818 461 22 522 8 501 48 104
7.1 261 254 0.97 0.000200 0.000070 -0.05 0.29371 0.00690 0.0256 0.0007 0.05456 0.00146 11.8060 0.1303 510 14 524 6 394 61 133
8.1 367 240 0.65 0.000073 0.000040 0.29 0.19097 0.00567 0.0248 0.0008 0.05912 0.00125 11.7980 0.1516 495 16 524 6 571 47 92
8.2 158 114 0.72 0.000332 0.000124 0.57 0.21107 0.00684 0.0239 0.0009 0.05714 0.00218 12.2240 0.1688 478 17 507 7 497 86 102
9.1 440 624 1.42 0.000038 0.000026 -0.09 0.41372 0.00746 0.0251 0.0006 0.05680 0.00110 11.6280 0.1610 501 12 532 7 484 43 110
10.1 202 201 1.00 0.000304 0.000094 0.01 0.27868 0.00773 0.0234 0.0008 0.05338 0.00165 11.9190 0.0783 468 15 519 3 345 72 150
11.1 372 576 1.55 0.000077 0.000039 0.20 0.44378 0.00994 0.0240 0.0011 0.05818 0.00143 11.9420 0.3851 480 21 518 16 537 55 97
12.1 455 534 1.17 0.000079 0.000028 -0.01 0.34871 0.00671 0.0252 0.0006 0.05662 0.00076 11.7940 0.1372 503 12 525 6 477 30 110
12.2 363 386 1.06 0.000004 0.000003 0.10 0.32112 0.00520 0.0258 0.0005 0.05868 0.00062 11.7040 0.1202 515 10 529 5 555 23 95
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.2. U-Th-Pb isotopic analyses of zircon from the Dinki Di granite, 'tourist hills', Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Oscillatory-zoned zircon
2.1 705 680 1.00 0.000025 0.000006 0.07 0.30855 0.83019 0.05754 0.00042 12.2740 0.1483 502 7 505 6 512 16 99
3.1 677 721 1.10 0.000023 0.000006 0.02 0.34349 0.86679 0.05738 0.00043 12.0604 0.1593 515 8 514 7 506 16 101
4.1 843 964 1.18 -0.000002 0.000006 0.02 0.36977 0.50551 0.05772 0.00036 12.1090 0.1355 516 6 512 6 519 14 99
6.1 263 275 1.08 0.000010 0.000006 0.03 0.33668 0.94287 0.05762 0.00068 12.0916 0.1521 514 8 512 6 515 26 99
8.1 561 571 1.05 0.000024 0.000006 -0.08 0.32398 1.03486 0.05669 0.00054 11.9463 0.1370 513 8 518 6 479 21 108
9.2 324 330 1.05 0.000043 0.000006 0.04 0.32476 1.01433 0.05725 0.00071 12.0808 0.1519 508 8 513 6 501 27 102
5.2 166 182 1.13 -0.000072 0.000006 0.03 0.35992 1.23598 0.05931 0.00087 11.6587 0.1606 547 10 530 7 578 32 92
10.1 278 232 0.86 -0.000027 0.000006 -0.19 0.27492 1.10218 0.05700 0.00073 11.5670 0.1630 551 10 535 7 491 28 109
11.1 232 241 1.08 0.000115 0.000006 0.18 0.32978 1.16505 0.05779 0.00088 11.6473 0.1475 519 9 531 6 522 33 102
13.1 511 519 1.05 -0.000008 0.000006 -0.08 0.32865 0.77929 0.05729 0.00066 11.8562 0.1577 527 8 522 7 503 25 104
14.1 632 660 1.08 0.000035 0.000006 0.01 0.34091 0.90094 0.05762 0.00054 11.6617 0.1389 538 8 530 6 515 21 103
15.1 1342 2482 1.91 0.000023 0.000006 0.05 0.60094 0.56903 0.05811 0.00035 11.6598 0.1518 537 8 530 7 534 13 99
12.2 386 402 1.08 -0.000105 0.000006 -0.09 0.33194 1.25143 0.05877 0.00084 11.7112 0.2420 531 13 528 10 559 31 95
16.1 705 640 0.94 0.000035 0.000006 0.11 0.29166 0.70655 0.05812 0.00049 11.8737 0.1484 521 7 521 6 534 18 98
17.1 227 230 1.04 0.000052 0.000006 0.16 0.32313 1.19643 0.05827 0.00093 11.8954 0.1741 517 10 520 7 540 35 96
18.1 265 245 0.96 0.000123 0.000006 0.27 0.30857 1.14329 0.05803 0.00086 11.9830 0.1425 531 9 517 6 531 32 97
19.1 614 602 1.01 -0.000033 0.000006 0.04 0.31889 0.76058 0.05851 0.00055 11.9457 0.1331 528 7 518 6 549 21 94
20.1 753 806 1.11 0.000038 0.000006 -0.06 0.34767 0.66906 0.05693 0.00048 11.6887 0.1290 534 7 529 6 489 19 108
22.1 943 1100 1.21 -0.000005 0.000006 -0.07 0.37563 0.65182 0.05733 0.00043 11.8112 0.1294 526 7 524 6 504 16 104
23.1 645 709 1.14 0.000068 0.000006 0.16 0.34786 0.76040 0.05789 0.00055 12.0296 0.1596 505 8 515 7 525 21 98
24.1 229 196 0.88 0.000052 0.000006 0.14 0.27501 1.47343 0.05829 0.00112 11.7299 0.1692 526 11 527 7 541 42 98
25.2 532 549 1.07 0.000025 0.000006 0.09 0.32950 1.08298 0.05801 0.00065 12.0310 0.1555 512 9 515 6 530 24 97
29.1 919 1138 1.28 0.000030 0.000006 0.01 0.40088 0.67694 0.05735 0.00057 11.9379 0.1723 522 8 519 7 505 22 103
Overgrowths
5.1 1472 41 0.03 0.000007 0.000005 0.04 0.00863 0.00021 0.05677 0.00029 13.0907 0.1395 448 15 475 5 483 11 98
7.1 1563 55 0.04 0.000013 0.000005 0.01 0.00970 0.00022 0.05623 0.00029 13.3460 0.1457 380 13 466 5 461 11 101
9.1 1402 53 0.04 0.000015 0.000004 -0.01 0.00967 0.00030 0.05588 0.00032 13.5392 0.1441 348 13 459 5 448 13 103
12.1 1809 45 0.03 0.000012 0.000005 0.09 0.00816 0.00024 0.05661 0.00034 13.7076 0.1630 438 18 454 5 476 13 95
21.1 1902 52 0.03 -0.000009 -0.000005 -0.03 0.00858 0.00023 0.05647 0.00031 13.0462 0.1443 483 17 476 5 471 12 101
25.1 1619 36 0.02 0.000021 0.000010 -0.03 0.00666 0.00023 0.05602 0.00044 13.0425 0.1425 392 30 476 5 453 17 105
26.1 2184 100 0.05 0.000041 0.000009 0.19 0.01737 0.00032 0.05694 0.00034 13.7638 0.1548 488 16 452 5 489 13 93
27.1 1527 44 0.03 0.000021 0.000009 0.09 0.00995 0.00031 0.05677 0.00041 13.3175 0.1452 465 23 467 5 482 16 97
28.1 1542 31 0.02 0.000000 0.000000 0.30 0.00656 0.00037 0.05615 0.00055 17.3512 0.2551 369 21 361 5 458 22 79
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.3. U-Th-Pb isotopic analyses of zircon from leucogneiss NE of Rockhole Bore
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
2.1 246 236 0.96 0.000334 0.000105 0.26 0.29169 0.00380 0.0261 0.0005 0.05525 0.00175 11.6564 0.1385 521 10 531 6 422 72 125
4.1 327 226 0.69 0.000227 0.000098 0.21 0.21229 0.00392 0.0258 0.0005 0.05634 0.00166 11.9236 0.1054 514 11 519 4 466 67 111
5.1 418 514 1.23 0.000408 0.000097 0.33 0.37885 0.01116 0.0261 0.0010 0.05475 0.00158 11.8016 0.1320 521 20 524 6 402 66 130
6.1 114 113 0.99 0.000760 0.000241 0.78 0.30393 0.00760 0.0264 0.0008 0.05374 0.00402 11.6155 0.1332 526 15 532 6 360 178 147
7.1 1200 683 0.57 0.000212 0.000029 0.21 0.14622 0.00178 0.0197 0.0003 0.05660 0.00064 13.0702 0.0477 393 5 475 2 476 25 100
8.1 227 268 1.18 0.000334 0.000100 0.44 0.36818 0.00545 0.0262 0.0005 0.05685 0.00194 11.8957 0.1317 523 10 520 6 486 77 107
9.1 615 803 1.31 0.000060 0.000022 0.11 0.40009 0.00301 0.0251 0.0002 0.05789 0.00069 12.1905 0.0558 502 5 508 2 526 26 97
10.1 519 373 0.72 0.000194 0.000046 0.12 0.21931 0.00279 0.0257 0.0004 0.05605 0.00089 11.8670 0.0812 513 8 522 3 454 36 115
11.1 740 512 0.69 0.000048 0.000035 0.03 0.21381 0.00449 0.0262 0.0007 0.05729 0.00064 11.8006 0.1443 522 14 524 6 503 25 104
12.1 150 130 0.87 0.000020 0.000020 0.31 0.27307 0.00603 0.0263 0.0007 0.06028 0.00120 11.9891 0.1514 524 14 516 6 614 43 84
13.1 475 205 0.43 0.000085 0.000050 0.15 0.13758 0.00345 0.0267 0.0008 0.05784 0.00111 11.9087 0.1109 533 17 520 5 524 43 99
14.1 935 646 0.69 0.000020 0.000020 0.09 0.21538 0.00171 0.0262 0.0003 0.05822 0.00045 11.9103 0.0844 522 6 520 4 538 17 97
14.2 365 144 0.39 0.000180 0.000105 0.31 0.12250 0.00277 0.0256 0.0007 0.05794 0.00180 12.1231 0.1496 511 14 511 6 527 69 97
15.1 457 351 0.77 0.000185 0.000059 0.19 0.23618 0.00254 0.0255 0.0004 0.05678 0.00104 12.0433 0.0897 509 7 514 4 483 41 106
16.1 497 504 1.01 0.000020 0.000020 0.09 0.32130 0.00451 0.0255 0.0005 0.05823 0.00056 12.4510 0.1117 508 9 498 4 538 21 93
17.1 849 469 0.55 0.000078 0.000028 0.13 0.16721 0.00181 0.0257 0.0004 0.05775 0.00057 11.7784 0.0995 513 7 525 4 520 22 101
17.2 466 149 0.32 0.000144 0.000069 0.06 0.09345 0.00181 0.0239 0.0006 0.05616 0.00117 12.1943 0.1210 478 11 508 5 459 47 111
18.1 254 94 0.37 0.000773 0.000165 1.34 0.10440 0.00503 0.0188 0.0009 0.05865 0.00269 14.9879 0.1574 376 19 416 4 554 103 75
19.1 347 207 0.60 0.000060 0.000087 0.22 0.18854 0.00367 0.0259 0.0006 0.05891 0.00157 12.1979 0.1411 517 13 508 6 564 59 90
19.1 253 315 1.24 0.000206 0.000098 0.28 0.38320 0.00494 0.0254 0.0005 0.05730 0.00178 12.1484 0.1563 506 10 510 6 503 70 101
20.1 442 282 0.64 0.000066 0.000057 0.04 0.21075 0.00255 0.0267 0.0004 0.05715 0.00101 12.3977 0.1119 532 8 500 4 497 40 101
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.4. U-Th-Pb isotopic analyses of zircon from granite vein in mafic boudin, 'tourist hills' area, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Cores
2.1 61 21 0.36 0.001091 0.000303 0.36 0.11598 0.00484 0.04363 0.00492 12.7862 0.2010 331 55 485 7 -132 279 -363
4.1 63 24 0.40 0.001020 0.000219 0.36 0.13636 0.00559 0.04392 0.00404 13.6801 0.2806 359 37 455 9 -115 227 -389
6.1 97 35 0.37 0.000167 0.000100 0.10 0.12158 0.00367 0.05452 0.00196 13.6142 0.2399 454 22 457 8 393 81 116
7.1 83 53 0.66 0.000251 0.000116 0.08 0.20270 0.00539 0.05321 0.00223 13.4525 0.1988 435 17 462 7 338 95 136
8.1 63 31 0.51 0.000518 0.000199 0.86 0.19458 0.01072 0.05432 0.00425 15.1943 0.5415 454 36 411 14 384 176 107
9.1 70 22 0.33 0.000363 0.000110 0.31 0.10940 0.00430 0.05342 0.00230 13.4852 0.2114 435 27 461 7 347 97 133
10.1 211 139 0.68 0.000057 0.000040 0.05 0.20923 0.00441 0.05619 0.00108 13.0436 0.1560 467 12 476 5 460 43 104
13.1 56 32 0.59 0.000803 0.000170 0.54 0.18996 0.01000 0.04795 0.00315 14.5075 0.3012 376 27 430 9 97 155 439
14.1 63 21 0.35 0.000402 0.000174 0.24 0.11549 0.00513 0.05318 0.00321 12.5317 0.2158 457 37 495 8 337 137 146
15.1 784 98 0.13 0.000057 0.000011 0.10 0.04015 0.00084 0.05681 0.00056 12.7971 0.2196 462 14 485 8 484 22 100
16.2 69 23 0.35 0.000124 0.000177 0.10 0.10833 0.01155 0.05544 0.00294 13.1919 0.2811 448 57 471 10 430 118 109
21.1 239 163 0.70 0.000259 0.000141 0.14 0.21782 0.00528 0.05428 0.00236 12.7169 0.1759 466 18 488 6 383 98 127
23.1 63 34 0.55 0.000618 0.000357 0.11 0.15518 0.01028 0.04655 0.00619 15.5021 0.3375 308 39 403 9 26 319 1512
23.2 283 149 0.54 0.000000 0.000000 -0.20 0.18010 0.00611 0.05523 0.00171 12.7919 0.2086 518 19 485 8 422 69 115
Overgrowths
1.1 246 133 0.56 0.000003 0.000036 0.12 0.18087 0.00282 0.05697 0.00096 13.7356 0.1626 470 10 453 5 490 37 92
3.1 125 46 0.38 0.000290 0.000117 0.25 0.12314 0.00324 0.05400 0.00208 13.4754 0.1785 443 22 461 6 371 87 124
3.2 208 104 0.52 0.000182 0.000043 0.19 0.16815 0.00302 0.05496 0.00110 13.6190 0.2293 459 12 457 7 411 45 111
4.2 176 91 0.53 0.000000 0.000000 0.08 0.16214 0.00693 0.05589 0.00100 14.7776 0.2198 413 19 422 6 448 40 94
5.1 231 129 0.58 0.000106 0.000041 0.25 0.17961 0.00288 0.05655 0.00109 13.6923 0.1639 444 10 454 5 474 43 96
7.2 228 124 0.56 0.000166 0.000036 -0.12 0.17524 0.00463 0.05293 0.00135 13.3525 0.1668 452 14 466 6 326 58 142
8.2 297 134 0.47 0.000111 0.000059 0.32 0.14089 0.00334 0.05419 0.00137 18.4888 0.2313 320 10 340 4 379 57 90
9.2 251 124 0.51 0.000135 0.000037 0.30 0.17118 0.00298 0.05639 0.00104 13.8881 0.1853 468 11 448 6 468 41 96
10.2 213 108 0.52 -0.000046 0.000000 0.13 0.16592 0.00304 0.05771 0.00090 13.7614 0.1966 468 11 452 6 519 34 87
11.1 816 265 0.34 0.000039 0.000012 0.12 0.10846 0.00183 0.05623 0.00051 13.9408 0.1516 458 9 447 5 462 20 97
12.1 220 147 0.69 0.000199 0.000060 -0.10 0.21385 0.00358 0.05262 0.00127 13.3233 0.1652 450 11 467 6 312 55 149
13.2 284 146 0.53 0.000009 0.000031 0.30 0.16873 0.00260 0.05785 0.00089 14.2945 0.1613 444 9 436 5 524 34 83
14.2 217 114 0.54 -0.000082 -0.000001 0.27 0.18573 0.00386 0.05938 0.00110 13.7989 0.2536 505 14 451 8 581 40 78
15.2 256 128 0.52 0.000330 0.000099 0.15 0.16886 0.00348 0.05250 0.00176 13.5940 0.2069 446 16 458 7 307 76 148
16.1 585 278 0.49 0.000055 0.000030 0.30 0.15944 0.00334 0.05645 0.00111 15.3816 0.2303 418 11 406 6 470 43 87
17.1 1481 144 0.10 0.000032 0.000007 0.05 0.03202 0.00053 0.05602 0.00032 13.6515 0.1720 449 10 456 6 453 13 101
17.2 259 119 0.47 0.000200 0.000092 -0.06 0.14874 0.00284 0.05278 0.00154 13.5342 0.1534 439 15 460 5 320 67 143
20.1 248 127 0.53 0.000153 0.000043 0.25 0.17394 0.00373 0.05623 0.00110 13.2820 0.2045 481 14 468 7 461 43 101
22.1 278 143 0.53 0.000067 0.000045 0.05 0.17092 0.00324 0.05572 0.00116 13.4436 0.1624 472 12 463 5 441 46 105
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.5. U-Th-Pb isotopic analyses of zircon from tonalite, Mount Ruby, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Monazite
1.1 9594 24755 2.58 0.000052 0.000018 -0.12 0.79656 0.00561 0.0223 0.0002 0.05434 0.00052 13.8280 0.0866 446 4 450 3 385 22 117
1.2 5495 74810 13.61 0.000152 0.000048 0.02 4.23003 0.02552 0.0223 0.0003 0.05413 0.00112 13.9201 0.1161 446 5 447 4 377 47 119
1.2 5819 113450 19.50 0.000020 0.000020 -0.05 6.07532 0.05016 0.0227 0.0003 0.05546 0.00109 13.7132 0.1259 454 6 454 4 431 44 105
2.1 8676 33722 3.89 0.000020 0.000020 -0.12 1.21058 0.01204 0.0227 0.0003 0.05485 0.00053 13.7129 0.1189 454 6 454 4 406 22 112
3.1 5928 66837 11.28 0.000020 0.000010 -0.10 3.49953 0.02656 0.0222 0.0003 0.05500 0.00093 13.9776 0.1116 444 5 445 3 412 38 108
4.1 4374 76025 17.38 0.000070 0.000037 0.03 5.35392 0.02598 0.0222 0.0003 0.05548 0.00089 13.8859 0.1323 443 5 448 4 432 36 104
5.1 4065 101019 24.85 0.000120 0.000043 -0.04 7.68554 0.05399 0.0228 0.0004 0.05412 0.00099 13.5477 0.1579 456 7 459 5 376 42 122
6.1 6790 15616 2.30 0.000020 0.000020 0.06 0.70188 0.00631 0.0251 0.0004 0.05646 0.00087 12.1412 0.1152 502 7 510 5 471 34 108
7.1 7875 33511 4.26 0.000013 0.000005 0.06 1.37979 0.01286 0.0255 0.0004 0.05656 0.00063 12.7412 0.1097 508 7 487 4 474 25 103
8.1 8234 44649 5.42 0.000020 0.000020 -0.08 1.69770 0.01295 0.0224 0.0003 0.05523 0.00080 13.9854 0.1280 448 6 445 4 421 32 106
9.1 11860 27510 2.32 0.000026 0.000013 -0.10 0.73735 0.00540 0.0232 0.0003 0.05494 0.00049 13.7122 0.0970 463 5 454 3 410 20 111
10.1 2185 166556 76.22 0.000073 0.000023 0.39 23.18945 0.16032 0.0296 0.0005 0.05870 0.00129 10.2708 0.1417 590 10 599 8 556 49 108
Zircon overgrowths
G2.1 554 14 0.03 0.000051 0.000044 0.06 0.00886 0.00043 0.05645 0.00080 12.9073 0.0009 417 103 481 6 470 31 102
G3.1 1922 30 0.02 0.000015 0.000003 0.35 0.00527 0.00022 0.10355 0.00116 3.4594 0.0046 1661 86 1637 23 1689 21 97
G4.1 799 15 0.02 0.000003 0.000002 0.64 0.00605 0.00016 0.10506 0.00034 3.5082 0.0039 1708 54 1617 19 1715 6 95
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 5.6. U-Th-Pb isotopic analyses of monazite and zircon from peak metamorphic garnet in metapelite, W of Mt. Bruna, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
1.2 5433 802 0.15 0.000064 0.000009 -0.02 0.04953 0.00034 0.05262 0.00031 17.3921 0.2186 356 6 360 4 312 14 115
3.1 3213 212 0.07 0.000086 0.000016 0.04 0.02366 0.00038 0.05230 0.00060 18.4407 0.2001 326 12 340 4 298 26 114
4.1 8755 1332 0.16 0.000017 0.000004 -0.06 0.05081 0.00027 0.05316 0.00019 17.0355 0.1852 375 5 368 4 335 8 110
5.1 11000 1482 0.14 0.000013 0.000004 -0.14 0.04396 0.00038 0.05238 0.00032 17.4492 0.2259 358 6 359 5 302 14 119
6.1 3000 208 0.07 0.000078 0.000022 0.10 0.02418 0.00032 0.05303 0.00043 18.2108 0.2040 326 15 345 4 330 19 104
8.1 3284 329 0.10 0.000081 0.000022 0.00 0.03406 0.00035 0.05236 0.00048 17.7504 0.1912 338 11 353 4 301 21 117
9.1 3693 422 0.12 0.000059 0.000011 0.03 0.03620 0.00278 0.05316 0.00028 17.2629 0.2282 334 26 363 5 336 12 108
10.1 4477 539 0.12 0.000036 0.000008 -0.02 0.04084 0.00033 0.05305 0.00023 17.3816 0.1866 366 6 361 4 331 10 109
10.2 5205 743 0.15 0.000132 0.000012 0.16 0.05158 0.00035 0.05318 0.00032 17.2607 0.2018 367 7 363 4 337 14 108
11.1 3835 421 0.11 0.000061 0.000010 -0.20 0.03456 0.00185 0.05110 0.00126 17.6861 0.3301 322 19 355 6 245 57 144
14.1 5039 667 0.14 0.000082 0.000013 -0.04 0.04412 0.00075 0.05227 0.00034 17.2164 0.1914 349 9 364 4 297 15 122
14.2 4315 549 0.13 0.000070 0.000011 0.03 0.04415 0.00037 0.05300 0.00027 17.3010 0.1971 365 7 362 4 329 11 110
16.1 7198 1176 0.17 0.000070 0.000009 -0.10 0.04958 0.00245 0.05179 0.00037 17.6716 0.2017 315 16 355 4 276 16 128
* Radiogenic Pb: corrected for laboratory-derived surface common Pb.
# Percentage of common 206Pb.
Table 6.1. U-Th-Pb isotopic analyses of zircon from granite, WNW of Mt Mary, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
2.1 467 454 1.00 0.000686 0.000132 0.95 0.34043 0.00380 0.05132 0.00220 17.3545 0.2063 365 9 361 4 255 98
3.1 417 321 0.80 0.000485 0.000097 1.01 0.26410 0.00541 0.05467 0.00164 17.6392 0.2658 354 11 355 5 399 67
4.2 539 524 1.00 0.000479 0.000073 0.32 0.32159 0.00416 0.04943 0.00145 17.0538 0.2066 357 7 367 4 168 69
4.3 547 522 0.98 0.000314 0.000074 0.38 0.31970 0.00347 0.05240 0.00132 17.0212 0.2355 369 7 368 5 303 58
5.1 576 475 0.85 0.000304 0.000063 0.35 0.27158 0.00807 0.05217 0.00114 17.2618 0.2930 356 13 363 6 293 50
6.1 704 607 0.89 0.000307 0.000047 0.51 0.28075 0.00234 0.05331 0.00090 17.4374 0.1959 349 6 359 4 342 38
7.1 363 249 0.71 0.000800 0.000161 0.99 0.24090 0.00355 0.04983 0.00257 17.6279 0.5000 341 15 356 10 187 120
8.1 1104 1433 1.34 0.000215 0.000038 -0.01 0.41208 0.00514 0.05057 0.00107 17.2834 0.2265 349 6 363 5 221 49
9.2 528 362 0.71 0.000654 0.000084 1.03 0.24036 0.00252 0.05255 0.00147 17.2616 0.1980 357 9 363 4 309 64
10.1 601 636 1.09 0.000360 0.000059 0.54 0.34826 0.00372 0.05272 0.00107 17.5258 0.1990 351 6 358 4 317 46
11.1 559 397 0.73 0.000635 0.000108 0.98 0.23386 0.00716 0.05212 0.00180 17.7695 0.2240 326 13 353 4 291 79
12.1 611 467 0.79 0.000122 0.000026 0.36 0.25380 0.00229 0.05469 0.00067 17.7523 0.2291 357 6 353 4 400 27
12.2 630 439 0.72 0.000985 0.000170 1.45 0.24156 0.00569 0.05082 0.00303 17.6320 0.2541 327 15 356 5 233 138
15.1 453 306 0.70 0.000476 0.000084 0.41 0.22762 0.00526 0.05031 0.00146 16.9479 0.1984 356 11 370 4 209 67
16.1 480 312 0.67 0.000435 0.000088 0.07 0.22082 0.00296 0.04803 0.00214 17.0734 0.2310 356 9 367 5 101 106
17.1 456 407 0.92 0.000464 0.000096 0.49 0.30566 0.00799 0.05070 0.00170 17.7154 0.3378 355 12 354 7 227 77
* Radiogenic Pb: corrected for laboratory-derived surface common Pb.
# Percentage of common 206Pb.
Table 6.2. U-Th-Pb isotopic analyses of zircon from granite SE of Atitjere, Harts Range, central Australia
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
1.1 7921 37883 4.78 0.000020 0.000020 0.21 1.49526 0.01495 0.0167 0.0003 0.05465 0.00098 18.6931 0.1872 335 5 336 3 398 41 85
2.1 6676 44216 6.62 0.000065 0.000028 0.17 2.07924 0.01826 0.0166 0.0002 0.05365 0.00084 18.8920 0.1740 333 5 333 3 356 36 93
3.1 6785 64765 9.55 0.000177 0.000048 0.18 2.98514 0.02979 0.0166 0.0003 0.05205 0.00113 18.8460 0.2171 333 5 333 4 288 51 116
4.1 6501 41323 6.36 0.000132 0.000034 0.11 2.02558 0.01959 0.0171 0.0003 0.05211 0.00079 18.6702 0.1851 342 5 336 3 290 35 116
5.1 8554 113203 13.23 0.000225 0.000066 0.26 4.12133 0.03054 0.0166 0.0002 0.05207 0.00147 18.7403 0.1701 333 4 335 3 289 66 116
6.1 8379 62472 7.46 0.000144 0.000051 0.08 2.31987 0.01534 0.0166 0.0002 0.05162 0.00106 18.7873 0.1444 332 4 334 3 269 48 124
7.1 6555 49583 7.56 0.000128 0.000051 0.11 2.40969 0.01952 0.0171 0.0002 0.05213 0.00106 18.6848 0.1578 342 4 336 3 291 47 115
8.1 6767 43315 6.40 0.000170 0.000048 0.11 2.02557 0.01931 0.0169 0.0003 0.05157 0.00120 18.7147 0.1772 339 5 336 3 266 54 126
9.1 8861 53176 6.00 0.000151 0.000063 0.21 1.92627 0.02049 0.0173 0.0003 0.05274 0.00120 18.5695 0.1992 346 6 338 4 318 53 107
10.1 7353 55805 7.59 0.000345 0.000067 0.11 2.37025 0.02490 0.0169 0.0002 0.04896 0.00126 18.4335 0.1433 340 5 341 3 146 62 233
11.1 7822 52922 6.77 0.000107 0.000031 0.03 2.08056 0.01710 0.0166 0.0002 0.05170 0.00073 18.5050 0.1642 333 4 339 3 272 33 125
12.1 6604 41096 6.22 0.000114 0.000043 0.08 1.95758 0.01727 0.0168 0.0002 0.05209 0.00103 18.7399 0.1688 337 5 335 3 289 46 116
13.1 7418 47843 6.45 0.000043 0.000016 0.21 2.03189 0.01435 0.0167 0.0002 0.05431 0.00084 18.8645 0.1830 335 4 333 3 384 35 87
* Radiogenic Pb: corrected for laboratory-derived surface common Pb.
# Percentage of common 206Pb.
Table 6.3. U-Th-Pb isotopic analyses of monazite from pelite, S of Inkamulla Bore, Entia Gneiss Complex
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
2.1 1783 341 0.20 0.000030 0.000007 -0.01 0.06125 0.00095 0.05304 0.00039 17.7574 0.2157 343 7 353 4 331 17 107
3.1 1921 405 0.22 0.000010 0.000006 0.07 0.06947 0.00079 0.05392 0.00037 17.8404 0.2108 356 6 352 4 368 16 96
4.1 1253 202 0.17 0.000058 0.000013 0.02 0.05435 0.00085 0.05287 0.00048 17.7219 0.2120 353 8 354 4 323 21 109
5.1 1880 355 0.20 0.000045 0.000007 0.07 0.06051 0.00083 0.05363 0.00038 17.3517 0.2050 348 7 361 4 356 16 102
6.1 1147 174 0.16 0.000036 0.000009 0.01 0.04921 0.00085 0.05334 0.00048 17.2861 0.2230 354 8 363 5 343 20 106
6.2 1782 352 0.20 0.000019 0.000010 0.03 0.06308 0.00079 0.05336 0.00044 17.0162 0.2014 339 6 347 4 344 19 101
7.1 3785 1506 0.41 0.000529 0.000074 0.76 0.14392 0.00234 0.05229 0.00156 17.4486 0.2183 357 12 368 4 298 68 123
8.1 1932 281 0.15 0.000029 0.000009 0.00 0.04687 0.00064 0.05332 0.00038 17.3359 0.2093 350 7 359 4 342 16 105
8.2 1871 254 0.14 0.000019 0.000006 0.12 0.04464 0.00088 0.05409 0.00038 17.4162 0.2185 345 8 346 4 375 16 92
9.1 1067 138 0.13 0.000056 0.000015 -0.12 0.04179 0.00081 0.05202 0.00070 17.4874 0.2057 343 9 362 4 286 31 126
9.2 904 109 0.12 0.000022 0.000013 -0.04 0.04058 0.00089 0.05327 0.00057 17.3981 0.2096 374 11 368 4 340 24 108
10.1 1706 182 0.11 0.000000 0.000000 0.01 0.03535 0.00059 0.05381 0.00038 17.3662 0.2059 368 8 360 4 363 16 99
11.1 2304 448 0.20 -0.000009 0.000000 0.04 0.06417 0.00070 0.05416 0.00033 17.0402 0.2077 368 6 358 4 378 14 95
11.2 2589 536 0.21 0.000000 0.000000 0.01 0.06630 0.00068 0.05382 0.00031 18.1580 0.2147 358 6 361 4 364 13 99
12.1 1324 269 0.21 0.000023 0.000010 0.02 0.06686 0.00111 0.05358 0.00046 17.8850 0.2251 362 8 360 4 353 19 102
14.1 1140 141 0.13 0.000041 0.000019 0.11 0.04055 0.00078 0.05377 0.00055 18.0677 0.2139 342 10 351 4 361 23 97
16.1 3302 353 0.11 0.000012 0.000005 -0.03 0.03502 0.00043 0.05313 0.00029 17.7395 0.2089 354 6 354 4 334 12 106
17.1 3165 435 0.14 0.000014 0.000005 0.13 0.04480 0.00051 0.05392 0.00030 18.9333 0.2213 330 6 332 4 368 13 90
18.1 1349 305 0.23 0.000000 0.000000 0.06 0.07283 0.00100 0.05382 0.00044 18.1995 0.2196 344 6 345 4 363 18 95
Cores
13.1 246 62 0.26 0.000037 0.000020 0.09 0.08445 0.00246 0.05618 0.00097 13.7788 0.1875 465 15 452 6 459 38 98
15.1 204 266 1.35 0.000100 0.000059 0.04 0.41599 0.00535 0.05634 0.00129 12.1492 0.1685 503 10 510 7 466 51 109
* Radiogenic Pb: corrected for laboratory-derived surface common Pb.
# Percentage of common 206Pb.
Table 6.4. U-Th-Pb isotopic analyses of zircon from pegmatite, Huckitta gorge, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
2.1 4068 1766 0.45 0.000007 0.000004 0.00 0.13532 0.00074 0.05406 0.00027 16.5072 0.1922 365 5 379 4 374 11 101
2.2 4324 1956 0.47 0.000012 0.000001 0.04 0.14096 0.00111 0.05406 0.00030 17.0617 0.1986 353 5 367 4 373 13 98
4.1 1423 295 0.21 0.000051 0.000013 0.09 0.06873 0.00089 0.05415 0.00045 16.5575 0.1973 378 7 378 4 377 19 100
5.1 1817 438 0.25 0.000029 0.000007 0.05 0.07700 0.00084 0.05406 0.00038 16.7648 0.1983 364 6 373 4 374 16 100
5.2 1859 501 0.28 0.000017 0.000010 0.18 0.08641 0.00090 0.05516 0.00040 16.9839 0.2010 364 6 369 4 419 16 88
6.1 1730 439 0.26 -0.000003 -0.000002 0.03 0.08303 0.00089 0.05445 0.00037 16.5281 0.1985 384 6 379 4 390 15 97
6.2 1822 483 0.27 0.000020 0.000008 0.05 0.08608 0.00090 0.05413 0.00039 16.8307 0.2174 371 6 372 5 377 16 99
7.1 1897 509 0.28 0.000012 0.000007 0.07 0.08826 0.00089 0.05451 0.00038 16.6705 0.2413 381 7 376 5 392 15 96
8.1 1832 482 0.27 0.000007 0.000004 0.01 0.08627 0.00088 0.05418 0.00036 16.5542 0.1957 382 6 378 4 379 15 100
9.1 1805 349 0.20 0.000029 0.000010 0.09 0.06380 0.00076 0.05443 0.00040 16.6096 0.1975 378 7 377 4 389 16 97
10.1 908 189 0.22 0.000042 0.000014 -0.08 0.06770 0.00109 0.05301 0.00054 16.2961 0.1977 377 8 384 5 329 23 116
11.1 967 197 0.21 0.000058 0.000017 0.16 0.06827 0.00122 0.05448 0.00059 16.7861 0.2028 376 9 373 4 391 24 95
12.1 1927 434 0.23 0.000039 0.000010 -0.04 0.07290 0.00080 0.05322 0.00039 16.6969 0.1973 368 6 375 4 338 17 111
13.1 1914 449 0.24 0.000036 0.000015 0.02 0.07737 0.00083 0.05372 0.00042 16.7989 0.2025 374 7 373 4 359 18 104
13.2 1861 434 0.24 0.000268 0.000034 0.48 0.08566 0.00088 0.05399 0.00068 16.8231 0.1989 375 10 372 4 371 28 100
14.1 1544 313 0.21 0.000000 0.000000 -0.02 0.06643 0.00085 0.05377 0.00040 17.0130 0.2097 374 7 368 4 361 17 102
15.1 1232 279 0.23 0.000160 0.000030 0.35 0.07819 0.00102 0.05440 0.00064 17.1021 0.2047 363 9 366 4 388 26 95
15.2 1093 235 0.22 0.000051 0.000021 0.10 0.07074 0.00106 0.05417 0.00067 16.7401 0.2021 370 8 374 4 378 28 99
16.1 1318 305 0.24 0.000019 0.000006 0.03 0.07570 0.00099 0.05376 0.00044 17.2632 0.2063 364 6 363 4 361 18 101
17.1 921 198 0.22 0.000020 0.000008 0.18 0.06854 0.00131 0.05475 0.00056 17.6923 0.2188 346 8 354 4 402 23 88
# Percentage of common 206Pb.
* Radiogenic Pb: corrected for laboratory-derived surface common Pb.
Table 6.5. U-Th-Pb isotopic analyses of zircon from pegmatite, Eblana Creek, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Oscillatory-zoned zircon
1.1 783 185 0.24 0.000059 0.000010 0.09 0.0732 0.00160 0.10727 0.00045 3.3080 0.0426 1710 43 1703 19 1754 8 97
2.1 154 121 0.82 0.000352 0.000050 0.55 0.2438 0.00202 0.10796 0.00104 3.2114 0.0463 1723 31 1748 22 1765 18 99
3.1 493 105 0.22 0.000110 0.000016 0.17 0.0681 0.00219 0.10746 0.00047 3.3692 0.0442 1694 61 1675 19 1757 8 96
5.1 272 271 1.03 0.000120 0.000038 0.19 0.3048 0.00442 0.10590 0.00084 3.2944 0.0455 1720 34 1709 21 1730 15 99
7.1 404 73 0.19 0.000143 0.000020 0.22 0.0562 0.00116 0.10531 0.00055 3.3180 0.0435 1609 46 1698 20 1720 10 99
8.1 335 54 0.17 0.000159 0.000023 0.25 0.0512 0.00065 0.10592 0.00059 3.3922 0.0494 1578 44 1665 21 1730 10 97
11.1 434 212 0.51 0.000175 0.000023 0.28 0.1528 0.00119 0.10411 0.00056 3.6198 0.0466 1574 25 1572 18 1699 10 93
14.1 401 222 0.57 0.000188 0.000023 0.30 0.1674 0.00355 0.10625 0.00086 3.1427 0.0489 1735 45 1781 24 1736 15 102
15.1 460 121 0.27 0.000102 0.000016 0.16 0.0824 0.00225 0.10610 0.00178 3.1306 0.0687 1783 62 1787 34 1733 31 103
18.1 750 380 0.52 0.000084 0.000013 0.13 0.1573 0.00075 0.10705 0.00038 3.2941 0.0423 1738 23 1709 19 1750 7 98
19.1 363 66 0.19 0.000102 0.000018 0.16 0.0604 0.00127 0.10730 0.00054 3.2722 0.0447 1806 50 1719 21 1754 9 98
21.1 270 52 0.20 0.000189 0.000028 0.30 0.0640 0.00089 0.10562 0.00083 3.2508 0.0504 1722 48 1729 23 1725 14 100
23.1 216 156 0.74 0.000324 0.000044 0.51 0.2294 0.00387 0.10604 0.00090 3.2511 0.0473 1755 40 1729 22 1732 16 100
24.1 440 347 0.81 0.000145 0.000019 0.23 0.2392 0.00300 0.10671 0.00050 3.1653 0.0418 1757 31 1770 20 1744 9 101
Overgrowths
3.2 146 76 0.54 0.000438 0.000055 0.69 0.1663 0.00351 0.10521 0.00176 3.1878 0.0490 1710 51 1759 24 1718 31 102
4.3 140 70 0.52 0.000309 0.000048 0.49 0.1599 0.00208 0.10392 0.00126 3.0630 0.0555 1808 44 1821 29 1695 22 107
16.1 200 60 0.31 0.000372 0.000044 0.59 0.0973 0.00116 0.10479 0.00113 3.2782 0.0466 1603 47 1716 21 1711 20 100
20.1 665 64 0.10 0.000071 0.000011 0.11 0.0294 0.00033 0.10502 0.00093 3.3374 0.0431 1572 37 1689 19 1715 16 99
21.2 369 12 0.03 0.000102 0.000019 0.16 0.0120 0.00029 0.10523 0.00058 3.4291 0.0450 1409 131 1650 19 1718 10 96
22.1 501 97 0.20 0.000130 0.000017 0.20 0.0589 0.00084 0.10398 0.00164 3.2967 0.0445 1593 37 1708 20 1696 29 101
Cores
4.1 698 2043 3.02 0.000092 0.000012 0.14 0.8657 0.00203 0.11349 0.00039 3.0599 0.0414 1808 22 1823 21 1856 6 98
9.1 341 78 0.24 0.000141 0.000021 0.22 0.0691 0.00157 0.10992 0.00217 3.1585 0.0480 1679 50 1773 24 1798 36 99
17.1 393 67 0.18 0.000177 0.000023 0.28 0.0563 0.00060 0.11004 0.00119 3.1997 0.0427 1726 43 1753 20 1800 20 98
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.1. U-Th-Pb isotopic analyses of zircon from megacrystic gneiss, Watsons Creek, Harts Range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Magmatic cores
1.1 751 113 0.16 0.000062 0.000010 0.10 0.04764 0.00049 0.10644 0.00074 3.3292 0.0439 1710 31 1693 20 1739 13 98
2.1 601 318 0.55 0.000085 0.000017 0.13 0.17409 0.00427 0.10379 0.00045 3.9337 0.0494 1572 43 1460 16 1693 8 87
3.2 499 106 0.22 0.000110 0.000016 0.17 0.06552 0.00063 0.10602 0.00062 3.2877 0.0438 1661 31 1712 20 1732 11 99
4.1 399 152 0.39 0.000146 0.000021 0.23 0.12116 0.00088 0.10606 0.00054 3.3729 0.0442 1701 27 1674 19 1733 9 97
6.1 326 205 0.65 0.000176 0.000023 0.28 0.19325 0.00156 0.10552 0.00085 3.0949 0.0530 1791 32 1805 27 1723 15 104
7.1 423 287 0.70 0.000138 0.000021 0.22 0.20818 0.00111 0.10756 0.00052 3.2312 0.0426 1743 24 1738 20 1758 9 99
8.1 354 199 0.58 0.000217 0.000034 0.34 0.17975 0.00136 0.10472 0.00070 3.8032 0.0493 1538 25 1505 17 1709 12 89
9.1 439 90 0.21 0.000143 0.000021 0.22 0.06484 0.00060 0.10576 0.00056 3.5586 0.0478 1558 33 1596 19 1728 10 93
10.1 405 76 0.19 0.000142 0.000023 0.22 0.06092 0.00061 0.10694 0.00055 3.3380 0.0437 1682 38 1689 19 1748 9 97
11.1 606 124 0.21 0.000064 0.000011 0.10 0.06104 0.00049 0.10663 0.00091 3.3048 0.0438 1635 27 1704 20 1743 16 98
12.1 434 94 0.22 0.000232 0.000025 0.36 0.07592 0.00068 0.10747 0.00114 3.3185 0.0436 1776 40 1698 20 1757 19 97
13.1 38 28 0.77 0.002688 0.000356 4.36 0.32163 0.00590 0.09101 0.00612 5.0905 0.0950 1201 88 1156 20 1447 128 81
14.1 519 81 0.16 0.000102 0.000016 0.16 0.04910 0.00049 0.10656 0.00046 3.4072 0.0478 1627 35 1659 21 1741 8 96
15.1 537 120 0.23 0.000089 0.000017 0.14 0.06866 0.00057 0.10566 0.00051 3.3250 0.0441 1664 30 1695 20 1726 9 98
17.1 438 54 0.13 0.000132 0.000024 0.21 0.04152 0.00062 0.10638 0.00055 3.3696 0.0440 1689 53 1675 19 1738 9 97
18.1 519 36 0.07 0.000081 0.000014 0.13 0.02440 0.00034 0.10620 0.00044 3.3039 0.0429 1778 57 1705 19 1735 8 98
18.2 297 52 0.18 0.000197 0.000033 0.31 0.05909 0.00161 0.10637 0.00100 3.2352 0.0438 1735 68 1736 21 1738 17 100
19.1 396 100 0.26 0.000143 0.000026 0.23 0.08260 0.00077 0.10468 0.00060 3.5772 0.0465 1624 32 1589 18 1709 10 94
20.1 257 126 0.51 0.000262 0.000038 0.41 0.15623 0.00131 0.10337 0.00114 3.5567 0.0477 1598 29 1597 19 1686 20 95
Overgrowths
3.1 225 85 0.39 0.000196 0.000032 0.31 0.11895 0.00114 0.10642 0.00075 3.2671 0.0449 1711 33 1721 21 1739 13 99
3.3 465 22 0.05 0.000184 0.000047 0.32 0.03246 0.00075 0.06767 0.00091 11.6730 0.1488 916 71 530 6 859 28 62
5.1 271 46 0.18 0.000755 0.000083 1.19 0.07208 0.00111 0.10259 0.00161 3.4631 0.0519 1462 126 1635 22 1672 29 98
13.2 467 72 0.16 0.000181 0.000025 0.29 0.05091 0.00062 0.10133 0.00060 4.3245 0.0546 1285 37 1341 15 1649 11 83
13.3 207 87 0.44 0.000295 0.000066 0.47 0.14187 0.00168 0.09676 0.00120 5.0569 0.0676 1200 31 1163 14 1563 23 76
16.1 596 43 0.07 0.000141 0.000021 0.22 0.02413 0.00037 0.10010 0.00051 4.6063 0.0570 1121 55 1267 14 1626 10 79
3.40 429 14 0.03 0.000142 0.000036 0.25 0.01511 0.00058 0.05694 0.00081 13.1056 0.1622 446 69 474 6 489 32 97
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.2. U-Th-Pb isotopic analyses of zircon from megacrystic gneiss, Rockhole Dam
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Cores
1.1 195 87 0.46 0.000120 0.000041 0.19 0.13607 0.00173 0.10790 0.00092 3.0957 0.1349 1793 76 1805 69 1764 16 102
4.1 214 95 0.46 0.000152 0.000027 0.24 0.13881 0.00144 0.10555 0.00078 3.0038 0.1317 1853 76 1852 71 1724 14 107
5.1 162 175 1.11 0.000139 0.000043 0.22 0.32497 0.00275 0.10668 0.00101 3.1980 0.1388 1744 70 1754 67 1743 17 101
7.1 311 215 0.71 0.000049 0.000023 0.08 0.21014 0.00172 0.10695 0.00072 3.4044 0.1447 1671 66 1660 62 1748 12 95
8.1 373 233 0.65 0.000018 0.000010 0.03 0.18686 0.00126 0.10733 0.00052 3.1373 0.1351 1774 69 1784 67 1755 9 101
9.1 327 208 0.66 0.000015 0.000014 0.02 0.19216 0.00142 0.10827 0.00059 3.0869 0.1337 1821 72 1809 68 1771 10 102
10.1 532 261 0.51 0.000030 0.000013 0.05 0.14689 0.00100 0.10775 0.00049 3.2808 0.1397 1705 67 1715 64 1762 8 98
12.1 241 125 0.54 0.000072 0.000025 0.11 0.15519 0.00169 0.10835 0.00086 3.4540 0.1470 1616 66 1639 62 1772 15 93
14.1 591 300 0.52 0.000075 0.000016 0.12 0.15090 0.00096 0.10737 0.00048 3.0766 0.1329 1771 69 1814 68 1755 8 103
17.1 457 214 0.48 0.000042 0.000010 0.07 0.14079 0.00108 0.10742 0.00052 3.2741 0.1396 1712 67 1718 64 1756 9 98
20.1 1251 639 0.53 0.000020 0.000005 0.03 0.15074 0.00062 0.10801 0.00037 2.9323 0.1277 1856 71 1892 71 1766 6 106
21.1 295 158 0.55 0.000092 0.000031 0.14 0.16148 0.00142 0.10709 0.00075 3.0151 0.1322 1818 73 1846 70 1750 13 105
23.1 330 181 0.57 0.000044 0.000018 0.07 0.16815 0.00131 0.10790 0.00076 3.0161 0.1315 1866 74 1846 70 1764 13 104
26.1 489 230 0.49 0.000062 0.000021 0.10 0.14074 0.00118 0.10776 0.00061 3.1620 0.1362 1745 69 1771 67 1762 10 100
27.1 651 325 0.52 0.000035 0.000013 0.05 0.14929 0.00104 0.10799 0.00049 3.1419 0.1352 1764 69 1781 67 1766 8 101
28.1 395 230 0.60 0.000028 0.000021 0.04 0.17222 0.00099 0.10889 0.00064 3.1573 0.1361 1745 68 1774 67 1781 11 100
29.1 474 258 0.56 0.000083 0.000026 0.13 0.16276 0.00091 0.10679 0.00065 3.1192 0.1364 1758 70 1793 68 1745 11 102
30.1 358 213 0.61 0.000083 0.000021 0.13 0.17783 0.00142 0.10755 0.00070 3.2279 0.1388 1713 68 1740 66 1758 12 99
31.1 535 327 0.63 0.000078 0.000020 0.12 0.18271 0.00090 0.10752 0.00057 3.1358 0.1357 1758 69 1784 67 1758 10 101
33.1 382 242 0.66 0.000070 0.000023 0.11 0.18947 0.00111 0.10859 0.00068 3.2135 0.1395 1725 68 1747 66 1776 11 99
34.1 747 346 0.48 0.000054 0.000016 0.08 0.13984 0.00073 0.10725 0.00052 3.1801 0.1370 1751 69 1763 66 1753 9 100
36.1 340 184 0.56 0.000108 0.000040 0.17 0.16049 0.00160 0.10488 0.00094 3.8971 0.1631 1425 59 1472 55 1712 17 87
Overgrowths
2.1 55 37 0.70 0.000457 0.000185 0.72 0.21973 0.00485 0.10372 0.00291 0.3168 0.0143 1775 100 1774 70 1692 52 104
3.1 71 55 0.80 0.000458 0.000121 0.73 0.24198 0.00439 0.10111 0.00237 0.3288 0.0148 1776 86 1832 72 1645 43 110
7.2 47 51 1.13 0.000462 0.000138 0.73 0.34025 0.00506 0.10481 0.00250 0.3347 0.0155 1854 86 1861 75 1711 44 108
11.1 41 41 1.04 0.000516 0.000172 0.82 0.32217 0.00551 0.10175 0.00292 0.2977 0.0135 1689 83 1680 67 1656 53 101
13.1 39 43 1.16 0.000075 0.000139 0.12 0.35326 0.00591 0.10957 0.00253 0.3148 0.0146 1841 86 1764 72 1792 42 99
15.1 47 39 0.87 0.000803 0.000203 1.27 0.28215 0.00517 0.10070 0.00334 0.2620 0.0116 1514 82 1500 59 1637 62 92
16.1 37 61 1.71 0.000864 0.000246 1.37 0.47486 0.01008 0.09960 0.00391 0.3251 0.0153 1643 84 1814 75 1617 73 111
18.1 38 35 0.95 0.000202 0.000289 0.32 0.29256 0.00648 0.10490 0.00446 0.2234 0.0099 1349 80 1300 52 1712 78 78
19.1 46 24 0.54 0.000587 0.000203 0.92 0.17198 0.00371 0.10516 0.00326 0.3223 0.0149 1739 118 1801 73 1717 57 104
22.1 21 9 0.46 0.000516 0.000245 0.81 0.15905 0.00627 0.10737 0.00424 0.3198 0.0161 1904 165 1789 79 1755 72 102
24.1 28 24 0.87 0.001517 0.000399 2.43 0.30324 0.00837 0.09614 0.00648 0.2552 0.0118 1464 116 1465 61 1551 127 95
25.1 58 45 0.80 0.000390 0.000106 0.61 0.24580 0.00437 0.10572 0.00213 0.2937 0.0132 1677 80 1660 66 1727 37 96
37.1 69 27 0.41 0.000214 0.000124 0.34 0.12691 0.00218 0.10631 0.00224 0.3049 0.0138 1737 100 1716 68 1737 39 99
38.1 48 38 0.80 0.000855 0.000214 1.36 0.24700 0.00545 0.10003 0.00337 0.2499 0.0114 1348 82 1438 59 1625 63 89
33.2 19 45 2.42 0.001102 0.000391 1.71 0.75720 0.01223 0.11225 0.00598 0.2996 0.0156 1770 95 1689 78 1836 96 93
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.3. U-Th-Pb isotopic analyses of zircon from quartzofeldpsathic gneiss, Alooarjara range
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
1.1 445 265 0.60 0.000251 0.000122 0.39 0.16470 0.00562 0.0863 0.0036 0.10912 0.00218 3.1971 0.0616 1674 66 1754 30 1785 37 98
2.1 420 72 0.17 0.000906 0.000155 1.42 0.06123 0.00585 0.0962 0.0095 0.10700 0.00277 3.7268 0.0706 1856 176 1532 26 1749 48 88
3.1 757 382 0.51 0.000115 0.000043 0.18 0.14228 0.00233 0.0839 0.0019 0.10855 0.00139 3.3572 0.0445 1629 35 1681 20 1775 24 95
4.1 453 126 0.28 0.000321 0.000089 0.50 0.07271 0.00398 0.0811 0.0047 0.10791 0.00189 3.2277 0.0504 1576 88 1740 24 1764 32 99
5.1 2731 2844 1.04 0.003400 0.000365 5.58 0.08961 0.01378 0.0066 0.0010 0.08645 0.00605 12.9576 0.1301 134 21 479 5 1348 142 36
6.1 812 309 0.38 0.000249 0.000063 0.39 0.10347 0.00373 0.0837 0.0039 0.10763 0.00148 3.2555 0.0816 1624 73 1727 38 1760 25 98
7.1 5082 1543 0.30 0.007185 0.000351 11.58 0.19644 0.01458 0.0156 0.0012 0.09360 0.00602 41.4009 0.4494 313 24 154 2 1500 127 10
8.1 1275 314 0.25 0.000125 0.000031 0.20 0.08291 0.00175 0.0775 0.0020 0.10146 0.00099 4.3421 0.0508 1508 38 1336 14 1651 18 81
9.1 876 180 0.21 0.005332 0.000254 8.22 0.17361 0.01020 0.1930 0.0120 0.11355 0.00443 4.3863 0.0766 3567 205 1324 21 1857 72 71
10.1 488 312 0.64 0.000238 0.000098 0.37 0.13238 0.00461 0.0610 0.0024 0.10650 0.00182 3.3953 0.0453 1196 45 1664 20 1740 32 96
11.1 245 129 0.53 0.000281 0.000151 0.44 0.14771 0.00622 0.0897 0.0049 0.10982 0.00299 3.1170 0.0911 1736 91 1794 46 1796 50 100
12.1 585 214 0.37 0.000128 0.000100 0.20 0.10186 0.00472 0.0876 0.0043 0.10869 0.00232 3.1852 0.0431 1696 80 1760 21 1778 39 99
13.1 397 149 0.37 0.000118 0.000113 0.18 0.10497 0.00501 0.0868 0.0049 0.10853 0.00213 3.2344 0.0828 1682 91 1737 39 1775 36 98
14.1 431 224 0.52 0.000560 0.000150 0.87 0.08982 0.00606 0.0496 0.0035 0.11059 0.00318 3.4921 0.0563 978 67 1623 23 1809 53 90
15.1 4387 10467 2.39 0.010218 0.000497 17.43 0.19110 0.02223 0.0016 0.0002 0.07269 0.00900 49.9947 0.6655 32 4 128 2 1005 274 13
16.1 406 160 0.39 0.000266 0.000072 0.42 0.08213 0.00328 0.0561 0.0025 0.10711 0.00188 3.7176 0.0635 1103 48 1536 23 1751 32 88
17.1 1914 311 0.16 0.000299 0.000051 0.48 0.06164 0.00230 0.0628 0.0024 0.09820 0.00139 6.0435 0.0439 1231 46 987 7 1590 27 62
18.1 529 195 0.37 0.000288 0.000060 0.45 0.10095 0.00306 0.0861 0.0030 0.10815 0.00175 3.1716 0.0462 1670 56 1767 23 1768 30 100
19.1 665 317 0.48 0.000335 0.000068 0.53 0.10198 0.00345 0.0532 0.0020 0.10554 0.00146 4.0277 0.0511 1047 38 1430 16 1724 26 83
20.1 392 410 1.05 0.000284 0.000098 0.44 0.14375 0.00614 0.0342 0.0021 0.11202 0.00271 4.0253 0.0801 679 40 1430 26 1832 44 78
22.1 338 130 0.38 0.000057 0.000064 0.09 0.11719 0.00327 0.0990 0.0039 0.11097 0.00156 3.0789 0.0703 1908 71 1813 36 1815 26 100
23.1 2633 705 0.27 0.000112 0.000026 0.18 0.06039 0.00118 0.0446 0.0010 0.09448 0.00067 5.0512 0.0396 883 19 1164 8 1518 13 77
24.1 391 216 0.55 0.000333 0.000115 0.52 0.09364 0.00486 0.0441 0.0025 0.10907 0.00253 3.8369 0.0686 873 48 1493 24 1784 43 84
25.1 1088 301 0.28 0.000126 0.000037 0.20 0.09976 0.00200 0.0757 0.0018 0.10762 0.00120 4.7620 0.0503 1476 34 1229 12 1759 20 70
28.1 897 283 0.32 0.000074 0.000026 0.12 0.09152 0.00156 0.0854 0.0021 0.10727 0.00098 3.3916 0.0521 1657 40 1666 23 1754 17 95
29.1 598 711 1.19 0.000103 0.000033 0.16 0.33453 0.00474 0.0922 0.0022 0.10912 0.00098 3.0545 0.0354 1782 40 1826 18 1785 16 102
30.1 267 169 0.63 0.000100 0.000057 0.16 0.17539 0.00386 0.0891 0.0031 0.11062 0.00175 3.1047 0.0719 1725 58 1800 36 1810 29 100
32.1 219 165 0.75 0.000160 0.000077 0.25 0.20866 0.00749 0.0877 0.0041 0.11013 0.00260 3.1717 0.0798 1699 76 1767 39 1802 44 98
33.1 547 185 0.34 0.000050 0.000043 0.08 0.09453 0.00258 0.0821 0.0029 0.10659 0.00138 3.4038 0.0630 1596 54 1660 27 1742 24 95
34.1 166 111 0.67 0.000483 0.000149 0.75 0.18547 0.00700 0.0874 0.0041 0.10916 0.00351 3.1899 0.0781 1693 77 1758 38 1786 60 99
35.1 330 113 0.34 0.000136 0.000075 0.21 0.09482 0.00477 0.0886 0.0053 0.10697 0.00189 3.1284 0.0876 1715 99 1788 44 1748 33 102
37.1 333 123 0.37 0.000078 0.000049 0.12 0.11253 0.00301 0.0963 0.0044 0.10837 0.00244 3.1517 0.1001 1859 82 1777 50 1772 42 100
38.1 926 327 0.35 0.000139 0.000055 0.22 0.09037 0.00252 0.0722 0.0023 0.10869 0.00123 3.5441 0.0475 1408 44 1602 19 1778 21 90
39.1 658 241 0.37 0.000007 0.000005 0.01 0.10353 0.00201 0.0893 0.0028 0.10900 0.00137 3.1624 0.0623 1729 51 1771 31 1783 23 99
40.1 437 191 0.44 0.000111 0.000052 0.17 0.12577 0.00298 0.0886 0.0036 0.10525 0.00158 3.2563 0.0878 1715 66 1726 41 1719 28 100
Cores
26.1 649 580 0.89 0.000509 0.000146 0.78 0.24377 0.00585 0.0693 0.0021 0.11957 0.00260 3.9369 0.0657 1354 41 1459 22 1950 39 75
27.1 436 207 0.47 0.000460 0.000150 0.70 0.16295 0.00646 0.0844 0.0037 0.11871 0.00323 4.0703 0.0657 1637 69 1416 21 1937 50 73
30.2 248 699 2.83 0.000850 0.000157 1.28 0.24714 0.00886 0.0242 0.0011 0.12550 0.00365 3.6187 0.0879 483 22 1573 34 2036 52 77
36.1 627 212 0.34 0.000064 0.000029 0.10 0.09941 0.00186 0.0964 0.0025 0.11320 0.00144 3.0552 0.0460 1860 46 1825 24 1851 23 99
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.4. U-Th-Pb isotopic analyses of zircon from the Queenie Flat Granite
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ± % concordant
Cores
1.1 123 61 0.50 0.000900 0.000135 1.44 0.14240 0.00520 0.0904 0.0035 0.10687 0.00225 3.1681 0.0346 1749 65 1768 17 1747 39 101
2.1 142 60 0.43 0.000793 0.000078 1.27 0.12115 0.00386 0.0896 0.0032 0.10764 0.00147 3.1758 0.0389 1735 59 1765 19 1760 25 100
2.2 565 175 0.31 0.000154 0.000029 0.25 0.09085 0.00138 0.0919 0.0015 0.10762 0.00075 3.1848 0.0166 1777 28 1760 8 1759 13 100
3.1 375 470 1.25 0.000282 0.000043 0.45 0.39595 0.00300 0.0899 0.0010 0.10751 0.00091 3.5182 0.0260 1739 19 1613 11 1758 16 92
4.1 518 356 0.69 0.000252 0.000029 0.40 0.19879 0.00176 0.0909 0.0011 0.10723 0.00059 3.1767 0.0197 1759 20 1764 10 1753 10 101
5.1 2213 2700 1.22 0.000075 0.000007 0.12 0.35179 0.00183 0.0923 0.0008 0.10700 0.00047 3.1240 0.0189 1784 15 1790 9 1749 8 102
6.1 119 62 0.52 0.001386 0.000146 2.22 0.14697 0.00623 0.0869 0.0040 0.10385 0.00262 3.2264 0.0461 1685 74 1740 22 1694 47 103
7.1 136 78 0.58 0.001203 0.000098 1.93 0.16556 0.00459 0.0892 0.0027 0.10600 0.00178 3.2132 0.0345 1728 51 1747 16 1732 31 101
8.1 172 122 0.71 0.000605 0.000061 0.97 0.20305 0.00280 0.0897 0.0017 0.10661 0.00116 3.1917 0.0371 1735 32 1757 18 1742 20 101
9.1 166 90 0.54 0.000669 0.000065 1.07 0.15971 0.00281 0.0908 0.0020 0.10698 0.00129 3.2504 0.0380 1756 38 1729 18 1749 22 99
10.1 1130 1127 1.00 0.000194 0.000016 0.31 0.29651 0.00106 0.0878 0.0006 0.10711 0.00037 3.3893 0.0149 1700 10 1667 6 1751 6 95
11.1 173 92 0.53 0.000277 0.000076 0.44 0.15715 0.00351 0.0924 0.0026 0.10834 0.00193 3.1936 0.0473 1786 48 1756 23 1772 33 99
12.1 560 218 0.39 0.000253 0.000022 0.41 0.11251 0.00108 0.0897 0.0011 0.10716 0.00055 3.2296 0.0215 1736 21 1739 10 1752 9 99
13.1 178 94 0.53 0.000471 0.000059 0.75 0.15321 0.00260 0.0905 0.0018 0.10754 0.00113 3.2005 0.0287 1751 34 1753 14 1758 19 100
14.2 237 168 0.71 0.000330 0.000049 0.53 0.20776 0.00339 0.0888 0.0016 0.10825 0.00097 3.3150 0.0226 1719 30 1700 10 1770 16 96
15.1 131 93 0.71 0.001211 0.000139 1.94 0.16764 0.00605 0.0716 0.0027 0.10403 0.00232 3.3200 0.0315 1398 52 1697 14 1697 42 100
16.1 795 577 0.73 0.000151 0.000018 0.24 0.21059 0.00114 0.0899 0.0009 0.10693 0.00045 3.2298 0.0207 1740 16 1739 10 1748 8 100
17.1 781 1054 1.35 0.000103 0.000013 0.16 0.38605 0.00125 0.0896 0.0007 0.10714 0.00046 3.1926 0.0178 1734 12 1757 9 1751 8 100
18.1 135 75 0.55 0.000709 0.000103 1.13 0.16314 0.00424 0.0927 0.0028 0.10790 0.00188 3.1943 0.0395 1792 51 1756 19 1764 32 100
19.1 150 101 0.67 0.000747 0.000086 1.20 0.18783 0.00387 0.0859 0.0021 0.10467 0.00161 3.2524 0.0331 1666 39 1728 15 1709 29 101
20.1 162 115 0.71 0.000325 0.000029 0.52 0.20976 0.00390 0.0922 0.0029 0.10958 0.00081 3.2077 0.0519 1783 53 1749 25 1792 13 98
Overgrowths
12.2 106 53 0.50 0.000968 0.000115 1.55 0.14413 0.00503 0.0853 0.0032 0.10540 0.00200 3.3680 0.0359 1655 60 1676 16 1721 35 97
14.1 112 57 0.51 0.000619 0.000159 0.99 0.15076 0.00602 0.0844 0.0036 0.10512 0.00279 3.5076 0.0412 1638 67 1617 17 1716 50 94
16.2 535 298 0.56 0.000184 0.000029 0.30 0.15827 0.00140 0.0869 0.0010 0.10619 0.00075 3.2652 0.0181 1684 18 1722 8 1735 13 99
20.2 144 80 0.55 0.000607 0.000067 0.97 0.15853 0.00359 0.0878 0.0022 0.10662 0.00133 3.2630 0.0301 1700 41 1723 14 1742 23 99
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.5. U-Th-Pb isotopic analyses of zircon from  granite, Atula area
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Cores
1.1 1031 664 0.64 0.000101 0.000017 0.16 0.31081 0.00299 0.1482 0.0024 0.11034 0.00134 3.2583 0.0368 2793 43 1726 17 1805 22
2.1 246 136 0.55 0.000019 0.000011 0.03 0.16126 0.00144 0.1022 0.0015 0.11348 0.00084 2.8606 0.0285 1967 27 1933 17 1856 13
3.1 342 325 0.95 0.000022 0.000011 0.03 0.27473 0.00138 0.1332 0.0023 0.16446 0.00058 2.1706 0.0318 2528 41 2443 30 2502 6
4.1 143 107 0.75 0.000013 0.000006 0.02 0.23337 0.00377 0.0928 0.0031 0.11219 0.00132 3.3501 0.0864 1793 58 1684 38 1835 21
5.1 431 315 0.73 0.000020 0.000020 0.03 0.21496 0.00248 0.0944 0.0032 0.11444 0.00104 3.1098 0.0855 1824 60 1797 43 1871 17
6.1 585 282 0.48 0.000010 0.000020 0.02 0.13964 0.00104 0.0990 0.0012 0.10972 0.00061 2.9314 0.0228 1908 22 1892 13 1795 10
7.1 254 131 0.52 0.000020 0.000020 0.03 0.15280 0.00140 0.1002 0.0017 0.11000 0.00096 2.9448 0.0351 1930 31 1885 19 1799 16
8.1 197 82 0.42 0.000009 0.000005 0.01 0.12361 0.00135 0.0929 0.0018 0.11111 0.00095 3.1803 0.0443 1796 34 1763 22 1818 16
9.1 514 138 0.27 0.000010 0.000000 0.02 0.08030 0.00178 0.0937 0.0029 0.11727 0.00154 3.1991 0.0625 1810 54 1753 30 1915 24
10.1 83 92 1.11 0.000012 0.000008 0.02 0.31564 0.00502 0.1323 0.0034 0.15888 0.00173 2.1529 0.0387 2511 61 2459 37 2444 19
11.1 444 98 0.22 0.000020 0.000020 0.03 0.06313 0.00103 0.0894 0.0026 0.11506 0.00088 3.2177 0.0653 1730 48 1745 31 1881 14
12.1 64 63 0.98 0.000015 0.000010 0.02 0.27326 0.00463 0.0966 0.0029 0.10987 0.00187 2.8951 0.0605 1863 54 1913 35 1797 31
13.1 336 170 0.51 0.000040 0.000012 0.06 0.14431 0.00160 0.0904 0.0023 0.10995 0.00124 3.1587 0.0620 1749 43 1773 31 1799 21
14.1 1070 1093 1.02 0.000224 0.000026 0.35 0.21145 0.00193 0.0459 0.0013 0.10605 0.00059 4.5146 0.0974 906 25 1290 25 1733 10
16.1 428 218 0.51 0.000005 0.000004 0.01 0.14629 0.00171 0.0995 0.0015 0.12138 0.00082 2.8895 0.0224 1917 28 1916 13 1977 12
17.1 266 98 0.37 0.000045 0.000021 0.07 0.10305 0.00123 0.0969 0.0020 0.11549 0.00065 2.8984 0.0450 1869 37 1911 26 1888 10
18.1 267 100 0.38 0.000004 0.000004 0.01 0.11386 0.00112 0.0918 0.0023 0.10913 0.00077 3.3015 0.0653 1776 42 1706 30 1785 13
19.1 303 191 0.63 0.000020 0.000020 0.03 0.17709 0.00216 0.1389 0.0028 0.16348 0.00173 2.0282 0.0277 2629 49 2584 29 2492 18
20.1 183 46 0.25 0.000032 0.000026 0.05 0.07200 0.00288 0.0986 0.0064 0.11298 0.00126 2.9256 0.1115 1901 118 1895 63 1848 20
21.1 150 95 0.63 0.000020 0.000020 0.03 0.18443 0.00217 0.1097 0.0027 0.13031 0.00099 2.6493 0.0477 2104 50 2064 32 2102 13
22.1 160 71 0.45 0.000020 0.000020 0.03 0.13044 0.00139 0.0933 0.0020 0.11022 0.00066 3.1387 0.0468 1803 36 1783 23 1803 11
23.1 234 103 0.44 0.000003 0.000001 0.01 0.12702 0.00150 0.0991 0.0020 0.10967 0.00085 2.9218 0.0390 1909 36 1898 22 1794 14
24.1 685 417 0.61 0.000020 0.000012 0.03 0.18155 0.00187 0.0956 0.0015 0.11044 0.00061 3.1166 0.0180 1845 28 1794 9 1807 10
25.1 1137 396 0.35 0.000057 0.000010 0.09 0.09558 0.00110 0.0696 0.0060 0.10729 0.00109 3.9445 0.3003 1361 114 1457 100 1754 19
26.1 319 223 0.70 0.000020 0.000020 0.03 0.20295 0.00142 0.0968 0.0011 0.11389 0.00058 3.0026 0.0118 1867 20 1853 6 1862 9
27.1 503 199 0.40 0.000002 0.000001 0.00 0.11624 0.00076 0.1000 0.0011 0.11375 0.00067 2.9356 0.0213 1927 20 1890 12 1860 11
28.1 177 128 0.72 0.000026 0.000012 0.04 0.20850 0.00185 0.0919 0.0023 0.11062 0.00112 3.1327 0.0619 1777 43 1786 31 1810 19
29.1 396 221 0.56 0.000010 0.000000 0.02 0.15942 0.00171 0.0931 0.0013 0.10943 0.00082 3.0605 0.0210 1799 25 1823 11 1790 14
30.1 600 276 0.46 0.000006 0.000009 0.01 0.13496 0.00074 0.1020 0.0018 0.11998 0.00037 2.8718 0.0294 1964 32 1926 17 1956 5
31.1 416 240 0.58 0.000020 0.000020 0.03 0.16746 0.00125 0.0931 0.0013 0.11045 0.00056 3.1168 0.0290 1799 23 1794 15 1807 9
32.1 631 73 0.12 0.000005 0.000003 0.01 0.03643 0.00084 0.0999 0.0025 0.11395 0.00053 3.1379 0.0214 1925 46 1783 11 1863 8
33.1 1239 135 0.11 0.000004 0.000001 0.01 0.03201 0.00042 0.0983 0.0014 0.11335 0.00027 2.9835 0.0104 1896 26 1863 6 1854 4
34.1 344 123 0.36 0.000004 0.000002 0.01 0.10721 0.00107 0.1004 0.0018 0.11100 0.00103 2.9805 0.0367 1933 33 1865 20 1816 17
35.1 234 45 0.19 0.000020 0.000020 0.03 0.05452 0.00124 0.0933 0.0026 0.11183 0.00066 3.0430 0.0365 1804 48 1832 19 1829 11
36.1 471 315 0.67 0.000012 0.000009 0.02 0.19940 0.00289 0.0926 0.0030 0.11035 0.00036 3.2198 0.0192 1790 56 1744 9 1805 6
37.1 937 525 0.56 0.000001 0.000006 0.00 0.16199 0.00161 0.0902 0.0013 0.10967 0.00025 3.2026 0.0245 1746 23 1752 12 1794 4
37.2 588 289 0.49 0.000010 0.000007 0.02 0.14245 0.00076 0.0938 0.0008 0.10960 0.00035 3.0921 0.0179 1812 14 1806 9 1793 6
38.1 359 88 0.24 0.000029 0.000013 0.04 0.06860 0.00250 0.0905 0.0039 0.11274 0.00096 3.1060 0.0482 1751 72 1799 24 1844 15
39.1 551 267 0.49 0.000003 0.000008 0.00 0.13947 0.00077 0.0972 0.0009 0.11291 0.00058 2.9586 0.0139 1874 16 1877 8 1847 9
40.1 210 83 0.40 0.000048 0.000027 0.07 0.11101 0.00233 0.0920 0.0022 0.10908 0.00116 3.0366 0.0263 1778 41 1835 14 1784 20
40.2 307 178 0.58 0.000020 0.000020 0.03 0.14318 0.00225 0.0763 0.0019 0.11036 0.00115 3.2262 0.0561 1486 36 1741 27 1805 19
41.1 429 337 0.79 0.000011 0.000006 0.02 0.22852 0.00276 0.0939 0.0018 0.11282 0.00091 3.0923 0.0405 1814 34 1806 21 1845 15
42.1 145 65 0.44 0.000026 0.000011 0.04 0.12762 0.00150 0.0934 0.0023 0.10916 0.00084 3.0703 0.0548 1805 42 1818 28 1786 14
43.1 143 132 0.92 0.000020 0.000020 0.03 0.26417 0.00456 0.0923 0.0027 0.10976 0.00089 3.1020 0.0643 1784 51 1801 33 1795 15
44.1 269 116 0.43 0.000020 0.000020 0.03 0.12291 0.00178 0.0898 0.0026 0.10978 0.00095 3.1702 0.0671 1737 48 1767 33 1796 16
45.1 587 351 0.60 0.000008 0.000003 0.01 0.17120 0.00161 0.1212 0.0019 0.14543 0.00062 2.3669 0.0264 2312 35 2272 21 2293 7
46.1 404 64 0.16 0.000020 0.000020 0.03 0.04546 0.00087 0.0970 0.0022 0.12026 0.00071 2.9376 0.0276 1872 40 1889 15 1960 11
47.1 1029 340 0.33 0.000001 0.000000 0.00 0.09408 0.00044 0.0944 0.0014 0.11245 0.00037 3.0155 0.0353 1823 25 1846 19 1839 6
48.1 512 283 0.55 0.000026 0.000008 0.04 0.15809 0.00164 0.0910 0.0017 0.11393 0.00089 3.1379 0.0416 1760 31 1783 21 1863 14
Table 8.6. U-Th-Pb isotopic analyses of zircon from the Mendip Metamorphics
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Apparent Ages (Ma)
49.1 314 149 0.47 0.000022 0.000006 0.03 0.13949 0.00121 0.0954 0.0016 0.10971 0.00075 3.0877 0.0377 1841 29 1809 19 1795 12
50.1 324 87 0.27 0.000020 0.000020 0.03 0.07289 0.00118 0.0862 0.0018 0.11244 0.00084 3.1520 0.0327 1672 33 1776 16 1839 14
51.1 227 151 0.66 0.000019 0.000008 0.03 0.19005 0.00162 0.1290 0.0020 0.16404 0.00120 2.2200 0.0226 2453 35 2397 20 2498 12
52.1 174 113 0.65 0.000020 0.000020 0.03 0.19039 0.00179 0.0961 0.0016 0.11453 0.00079 3.0333 0.0354 1856 29 1837 19 1873 12
53.1 311 153 0.49 0.000020 0.000020 0.03 0.13947 0.00225 0.0935 0.0023 0.11408 0.00094 3.0291 0.0489 1807 43 1839 26 1865 15
54.1 308 200 0.65 0.000004 0.000002 0.01 0.18864 0.00190 0.0937 0.0016 0.11145 0.00090 3.1019 0.0349 1809 29 1801 18 1823 15
55.1 395 218 0.55 0.000002 0.000001 0.00 0.16125 0.00178 0.0933 0.0017 0.10883 0.00055 3.1304 0.0379 1804 32 1787 19 1780 9
55.2 286 53 0.18 0.000027 0.000007 0.04 0.05219 0.00067 0.0836 0.0015 0.10695 0.00076 3.3784 0.0327 1622 27 1671 14 1748 13
56.1 246 129 0.52 0.000002 0.000001 0.00 0.15005 0.00130 0.0914 0.0013 0.11000 0.00066 3.1435 0.0284 1768 24 1781 14 1799 11
57.1 71 53 0.74 0.000137 0.000062 0.21 0.23264 0.00393 0.0909 0.0040 0.11018 0.00193 3.4419 0.1202 1758 74 1644 51 1802 32
58.1 162 73 0.45 0.000020 0.000020 0.03 0.12845 0.00220 0.1273 0.0039 0.16168 0.00205 2.2486 0.0493 2421 69 2372 44 2473 22
59.1 1145 147 0.13 0.000015 0.000005 0.02 0.03760 0.00048 0.0924 0.0014 0.11344 0.00030 3.1599 0.0218 1787 26 1772 11 1855 5
60.1 547 255 0.47 0.000020 0.000020 0.03 0.12864 0.00128 0.1254 0.0021 0.15946 0.00098 2.2038 0.0256 2387 38 2412 23 2450 10
61.1 75 92 1.23 0.000020 0.000020 0.03 0.35796 0.00467 0.0912 0.0020 0.11027 0.00145 3.1901 0.0503 1765 38 1758 24 1804 24
63.4 678 51 0.08 0.000024 0.000021 0.04 0.01890 0.00097 0.0790 0.0045 0.10765 0.00090 3.1778 0.0640 1537 85 1764 31 1760 15
94.1 438 186 0.42 0.000034 0.000041 0.05 0.11468 0.00307 0.0923 0.0032 0.10809 0.00132 2.9261 0.0545 1784 59 1895 31 1768 22
89.1 577 113 0.20 0.000043 0.000021 0.07 0.05366 0.00112 0.0861 0.0023 0.10832 0.00072 3.1874 0.0415 1669 43 1759 20 1771 12
97.1 573 121 0.21 0.000024 0.000019 0.04 0.05625 0.00123 0.0827 0.0023 0.10840 0.00164 3.2278 0.0440 1605 42 1740 21 1773 28
92.1 468 199 0.42 0.000042 0.000038 0.07 0.11860 0.00248 0.0951 0.0030 0.10898 0.00159 2.9338 0.0563 1837 55 1891 32 1783 27
98.1 694 608 0.88 0.000013 0.000008 0.02 0.23958 0.00217 0.0857 0.0030 0.10903 0.00090 3.1939 0.0917 1661 55 1756 44 1783 15
66.3 1813 2071 1.14 0.000054 0.000014 0.08 0.28399 0.00243 0.0791 0.0014 0.10923 0.00067 3.1409 0.0395 1539 26 1782 20 1787 11
90.1 289 144 0.50 0.000058 0.000030 0.09 0.14416 0.00228 0.0915 0.0049 0.10931 0.00143 3.1517 0.1374 1770 90 1777 68 1788 24
88.1 613 261 0.43 0.000020 0.000020 0.03 0.12085 0.00238 0.0917 0.0030 0.10962 0.00131 3.0938 0.0678 1774 55 1806 35 1793 22
67.4 780 225 0.29 0.000025 0.000015 0.04 0.08401 0.00176 0.0985 0.0029 0.10984 0.00109 2.9600 0.0492 1899 53 1876 27 1797 18
83.1 1455 413 0.28 0.000020 0.000020 0.03 0.07678 0.00094 0.0938 0.0019 0.11005 0.00055 2.8866 0.0373 1812 35 1918 21 1800 9
66.2 1604 1548 0.97 0.000033 0.000021 0.05 0.25222 0.00315 0.0813 0.0014 0.11065 0.00080 3.2143 0.0345 1580 27 1746 16 1810 13
89.2 686 92 0.13 0.000008 0.000017 0.01 0.03532 0.00088 0.0822 0.0025 0.11097 0.00151 3.2194 0.0377 1596 48 1744 18 1815 25
87.1 1009 258 0.26 0.000015 0.000007 0.02 0.07441 0.00100 0.0992 0.0029 0.11101 0.00097 2.9306 0.0651 1912 53 1893 37 1816 16
96.1 636 233 0.37 0.000020 0.000038 0.03 0.09614 0.00203 0.0860 0.0031 0.11105 0.00133 3.0553 0.0754 1668 58 1825 39 1817 22
82.1 379 141 0.37 0.000034 0.000019 0.05 0.10798 0.00161 0.0951 0.0026 0.11131 0.00092 3.0463 0.0595 1836 49 1830 31 1821 15
86.1 1415 427 0.30 0.000020 0.000020 0.03 0.08146 0.00137 0.0892 0.0019 0.11170 0.00105 3.0278 0.0331 1728 36 1840 18 1827 17
93.1 772 331 0.43 0.000031 0.000012 0.05 0.11923 0.00166 0.0940 0.0021 0.11197 0.00176 2.9612 0.0342 1815 38 1876 19 1832 29
85.1 561 350 0.62 0.000038 0.000015 0.06 0.17206 0.00197 0.0897 0.0025 0.11200 0.00085 3.0708 0.0635 1736 46 1817 33 1832 14
91.1 892 329 0.37 0.000016 0.000020 0.02 0.10975 0.00179 0.1024 0.0021 0.11252 0.00101 2.9108 0.0298 1970 38 1904 17 1841 16
81.1 1019 891 0.87 0.000007 0.000006 0.01 0.24604 0.00183 0.0987 0.0022 0.11363 0.00087 2.8518 0.0501 1903 40 1938 29 1858 14
79.1 2095 385 0.18 0.000051 0.000017 0.08 0.05156 0.00109 0.0997 0.0026 0.11960 0.00085 2.8115 0.0333 1921 48 1962 20 1950 13
84.1 522 195 0.37 0.000019 0.000017 0.03 0.10445 0.00162 0.1027 0.0024 0.12297 0.00102 2.7207 0.0367 1976 45 2018 23 2000 15
64.2 1879 339 0.18 0.000026 0.000015 0.04 0.05014 0.00123 0.1070 0.0030 0.12476 0.00097 2.5995 0.0309 2055 56 2098 21 2025 14
95.1 431 207 0.48 0.000020 0.000020 0.03 0.13149 0.00158 0.1158 0.0035 0.14264 0.00087 2.3686 0.0557 2214 63 2270 45 2260 11
80.4 808 364 0.45 0.000012 0.000006 0.02 0.12115 0.00134 0.1280 0.0021 0.16570 0.00146 2.0992 0.0188 2434 37 2511 19 2515 15
Irregular overgrowths (inherited)
71.1 1201 25 0.02 0.000031 0.000015 0.05 0.00567 0.00061 0.0861 0.0094 0.11002 0.00088 3.1587 0.0427 1669 175 1773 21 1800 15
65.2 766 16 0.02 0.000048 0.000029 0.08 0.00641 0.00113 0.0969 0.0172 0.10841 0.00104 3.1705 0.0517 1869 320 1767 25 1773 18
67.2 605 90 0.15 0.000029 0.000030 0.05 0.04265 0.00146 0.0897 0.0034 0.10765 0.00130 3.1857 0.0417 1737 64 1760 20 1760 22
CL-dark overgrowths
63.3 1092 43 0.04 0.000122 0.000032 0.20 0.00527 0.00122 0.0377 0.0087 0.09616 0.00089 3.5405 0.0404 748 171 1604 16 1551 17
63.2 1461 57 0.04 0.000050 0.000017 0.08 0.00694 0.00068 0.0498 0.0050 0.09717 0.00061 3.5686 0.0474 983 96 1593 19 1571 12
78.1 1855 42 0.02 0.000044 0.000014 0.07 0.00601 0.00060 0.0722 0.0073 0.09721 0.00068 3.6552 0.0492 1408 139 1559 19 1571 13
78.2 1704 35 0.02 0.000003 0.000004 0.01 0.00624 0.00028 0.0862 0.0041 0.09736 0.00061 3.5383 0.0310 1671 77 1605 12 1574 12
77.1 1703 27 0.02 0.000032 0.000026 0.05 0.00370 0.00094 0.0644 0.0164 0.09814 0.00082 3.6034 0.0517 1261 313 1579 20 1589 16
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Apparent Ages (Ma)
Moderate-CL overgrowths
62.2 586 96 0.16 0.000245 0.000060 0.39 0.04461 0.00283 0.0840 0.0056 0.10314 0.00140 3.2469 0.0448 1631 104 1731 21 1681 25
99.3 373 49 0.13 0.000031 0.000038 0.05 0.06506 0.00391 0.1294 0.0120 0.10327 0.00226 3.8368 0.2263 2459 216 1493 79 1684 41
76.1 424 92 0.22 0.000151 0.000051 0.24 0.06275 0.00252 0.0887 0.0040 0.10344 0.00154 3.2508 0.0538 1717 74 1729 25 1687 28
68.3 646 124 0.19 0.000080 0.000041 0.13 0.05525 0.00205 0.0899 0.0039 0.10405 0.00107 3.2016 0.0545 1740 72 1752 26 1698 19
74.1 490 109 0.22 0.000119 0.000041 0.19 0.05819 0.00254 0.0836 0.0042 0.10419 0.00145 3.1421 0.0645 1622 79 1781 32 1700 26
63.5 375 76 0.20 0.000093 0.000078 0.15 0.06266 0.00421 0.0932 0.0068 0.10426 0.00179 3.3321 0.0699 1801 125 1692 31 1701 32
80.1 516 87 0.17 0.000110 0.000041 0.17 0.05223 0.00265 0.0951 0.0052 0.10428 0.00166 3.2735 0.0550 1836 96 1718 25 1702 30
102.1 623 116 0.19 0.000058 0.000025 0.09 0.05266 0.00167 0.0877 0.0033 0.10502 0.00135 3.2290 0.0521 1699 61 1739 25 1715 24
62.3 680 95 0.14 0.000148 0.000072 0.23 0.04421 0.00277 0.0947 0.0063 0.10505 0.00147 3.3258 0.0572 1829 117 1695 26 1715 26
102.2 662 124 0.19 0.000015 0.000009 0.02 0.05456 0.00113 0.0904 0.0031 0.10507 0.00140 3.2169 0.0744 1749 58 1745 35 1716 25
69.2 495 89 0.18 0.000059 0.000030 0.09 0.05544 0.00168 0.0976 0.0038 0.10529 0.00107 3.1698 0.0528 1882 69 1768 26 1719 19
75.1 2774 104 0.04 0.000127 0.000019 0.20 0.00346 0.00074 0.0261 0.0056 0.10536 0.00073 3.5351 0.0427 521 111 1606 17 1721 13
80.3 450 79 0.18 0.000269 0.000102 0.42 0.04379 0.00407 0.0767 0.0075 0.10549 0.00270 3.2534 0.0778 1494 141 1728 36 1723 48
99.2 694 142 0.20 0.000058 0.000024 0.09 0.05718 0.00146 0.0794 0.0035 0.10552 0.00135 3.5205 0.1069 1544 65 1612 43 1723 24
79.1 440 97 0.22 0.000200 0.000079 0.31 0.06023 0.00320 0.0835 0.0050 0.10553 0.00179 3.2837 0.0767 1621 94 1714 35 1724 32
80.2 494 93 0.19 0.000151 0.000064 0.24 0.05379 0.00316 0.0874 0.0056 0.10568 0.00167 3.2542 0.0643 1694 103 1727 30 1726 29
101.1 940 20 0.02 0.000129 0.000031 0.20 0.00405 0.00123 0.0620 0.0189 0.10581 0.00093 3.0847 0.0494 1216 362 1810 25 1729 16
68.4 478 82 0.17 0.000010 0.000020 0.02 0.05220 0.00256 0.0908 0.0049 0.10593 0.00173 3.3422 0.0622 1756 91 1687 28 1731 30
100.1 533 151 0.28 0.000135 0.000042 0.21 0.05782 0.00195 0.0638 0.0026 0.10605 0.00112 3.2082 0.0571 1250 49 1749 27 1733 20
69.3 585 100 0.17 0.000068 0.000034 0.11 0.05137 0.00218 0.0874 0.0044 0.10611 0.00118 3.4407 0.0680 1694 81 1645 29 1734 21
70.1 772 169 0.22 0.000058 0.000028 0.09 0.06359 0.00152 0.0893 0.0029 0.10630 0.00146 3.2580 0.0565 1730 53 1726 26 1737 25
72.1 1108 33 0.03 0.000026 0.000014 0.04 0.00903 0.00061 0.0954 0.0069 0.10650 0.00073 3.1468 0.0521 1841 127 1779 26 1740 13
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
1.1 790 345 0.44 0.000093 0.000016 0.15 0.11902 0.00185 0.0627 0.0013 0.10421 0.00084 4.3374 0.0464 1230 24 1337 13 1700 15
2.1 213 104 0.49 0.000121 0.000030 0.19 0.14040 0.00198 0.0920 0.0017 0.11009 0.00108 3.1247 0.0331 1780 32 1790 17 1801 18
3.1 542 493 0.91 0.000273 0.000045 0.42 0.24085 0.00269 0.0644 0.0010 0.11232 0.00092 4.1149 0.0346 1261 19 1402 11 1837 15
4.1 282 137 0.49 0.000083 0.000036 0.13 0.13632 0.00236 0.0924 0.0024 0.11069 0.00102 3.0320 0.0482 1786 44 1838 25 1811 17
5.1 1240 447 0.36 0.000297 0.000030 0.47 0.08928 0.00172 0.0465 0.0010 0.10326 0.00129 5.3298 0.0398 918 19 1109 8 1684 23
6.1 290 168 0.58 0.000057 0.000016 0.09 0.16567 0.00176 0.0939 0.0019 0.11138 0.00141 3.0419 0.0442 1815 35 1832 23 1822 23
7.1 340 278 0.82 0.000020 0.000020 0.03 0.23215 0.00208 0.0956 0.0013 0.11360 0.00087 2.9718 0.0277 1846 25 1870 15 1858 14
8.1 134 127 0.95 0.000308 0.000061 0.48 0.17869 0.00524 0.0564 0.0019 0.11226 0.00167 3.3392 0.0516 1108 37 1689 23 1836 27
9.1 258 165 0.64 0.000139 0.000038 0.22 0.17775 0.00216 0.0895 0.0018 0.11243 0.00091 3.1061 0.0440 1732 34 1799 22 1839 15
10.1 510 631 1.24 0.000242 0.000035 0.38 0.19907 0.00280 0.0380 0.0007 0.10973 0.00108 4.2388 0.0501 754 14 1365 15 1795 18
11.1 351 221 0.63 0.000097 0.000029 0.15 0.15628 0.00370 0.0748 0.0022 0.11834 0.00076 3.3197 0.0506 1458 42 1697 23 1931 12
12.1 934 809 0.87 0.000363 0.000030 0.56 0.10904 0.00230 0.0295 0.0007 0.10951 0.00062 4.2607 0.0366 588 14 1359 11 1791 10
13.1 234 161 0.69 0.000084 0.000021 0.13 0.19373 0.00233 0.0965 0.0019 0.11387 0.00094 2.9231 0.0329 1861 35 1897 19 1862 15
14.1 374 202 0.54 0.000040 0.000013 0.06 0.15665 0.00184 0.0962 0.0017 0.10966 0.00061 3.0213 0.0320 1856 31 1843 17 1794 10
15.1 484 329 0.68 0.000091 0.000019 0.14 0.17079 0.00138 0.0755 0.0012 0.10998 0.00071 3.3271 0.0381 1471 22 1694 17 1799 12
16.1 215 114 0.53 0.000089 0.000041 0.14 0.14968 0.00305 0.0941 0.0026 0.11073 0.00136 2.9856 0.0453 1817 47 1862 25 1811 22
17.1 394 197 0.50 0.000078 0.000017 0.11 0.09836 0.00115 0.0656 0.0010 0.14067 0.00084 2.9965 0.0239 1284 19 1856 13 2236 10
18.1 595 678 1.14 0.000185 0.000029 0.29 0.16010 0.00221 0.0317 0.0006 0.10976 0.00083 4.4401 0.0501 630 12 1309 13 1795 14
19.1 812 1073 1.32 0.000238 0.000043 0.37 0.07209 0.00174 0.0106 0.0003 0.10529 0.00103 5.1474 0.0434 213 6 1145 9 1719 18
20.1 1012 239 0.24 0.000075 0.000012 0.12 0.06546 0.00155 0.0828 0.0023 0.11086 0.00071 3.3458 0.0377 1607 43 1686 17 1814 12
21.1 153 88 0.58 0.000012 0.000007 0.02 0.17056 0.00218 0.0980 0.0026 0.11534 0.00157 3.0194 0.0528 1890 47 1844 28 1885 25
22.1 219 66 0.30 0.000054 0.000020 0.08 0.08508 0.00144 0.0878 0.0019 0.11091 0.00136 3.2069 0.0353 1700 35 1750 17 1814 22
23.1 138 26 0.19 0.000266 0.000098 0.41 0.04566 0.00364 0.0823 0.0072 0.11619 0.00234 2.9660 0.0916 1598 135 1873 50 1899 37
24.1 244 171 0.70 0.000093 0.000061 0.14 0.19797 0.00442 0.0905 0.0028 0.11239 0.00131 3.1265 0.0566 1750 52 1789 28 1839 21
25.1 510 460 0.90 0.000238 0.000047 0.37 0.16971 0.00274 0.0454 0.0010 0.11305 0.00149 4.1429 0.0484 897 19 1394 15 1849 24
27.1 155 85 0.55 0.000020 0.000020 0.03 0.16181 0.00385 0.0950 0.0032 0.11522 0.00122 3.0864 0.0614 1834 59 1809 31 1883 19
28.1 206 110 0.54 0.000020 0.000020 0.03 0.15231 0.00175 0.0946 0.0025 0.11012 0.00079 3.0055 0.0613 1828 46 1852 33 1801 13
29.1 185 139 0.75 0.000032 0.000027 0.05 0.22345 0.00247 0.0992 0.0021 0.11441 0.00098 2.9941 0.0458 1912 38 1858 25 1871 16
30.1 253 212 0.84 0.000117 0.000025 0.18 0.16892 0.00211 0.0638 0.0010 0.11428 0.00128 3.1690 0.0281 1250 20 1768 14 1869 20
31.1 371 677 1.83 0.000177 0.000032 0.28 0.16034 0.00297 0.0184 0.0004 0.10880 0.00191 4.7724 0.0700 369 9 1226 16 1779 32
26.1 515 113 0.22 0.000060 0.000020 0.09 0.06132 0.00145 0.1107 0.0028 0.12737 0.00113 2.5153 0.0172 2122 51 2158 13 2062 16
32.1 308 183 0.59 0.000159 0.000051 0.25 0.16441 0.00380 0.0824 0.0025 0.10854 0.00110 3.3605 0.0531 1601 46 1679 23 1775 19
32.2 525 230 0.44 0.000106 0.000018 0.17 0.13892 0.00124 0.0718 0.0027 0.10697 0.00066 4.4099 0.1288 1402 50 1318 35 1748 11
33.1 203 186 0.92 0.000196 0.000046 0.30 0.21738 0.00384 0.0781 0.0021 0.11900 0.00168 3.0333 0.0533 1521 40 1837 28 1941 25
34.1 286 158 0.55 0.000055 0.000013 0.08 0.15289 0.00210 0.1086 0.0023 0.13640 0.00070 2.5531 0.0323 2084 42 2131 23 2182 9
35.1 320 143 0.45 0.000059 0.000014 0.09 0.07090 0.00233 0.0510 0.0018 0.11591 0.00095 3.1205 0.0283 1005 34 1792 14 1894 15
36.1 115 110 0.95 0.000144 0.000053 0.22 0.27155 0.00596 0.1001 0.0029 0.11444 0.00207 2.8501 0.0470 1929 54 1939 28 1871 33
37.1 306 128 0.42 0.000043 0.000018 0.07 0.11033 0.00158 0.0910 0.0025 0.12439 0.00103 2.8959 0.0562 1761 46 1912 32 2020 15
38.1 652 541 0.83 0.000101 0.000029 0.16 0.18985 0.00191 0.0561 0.0008 0.10996 0.00076 4.0811 0.0370 1102 16 1413 12 1799 13
39.1 310 170 0.55 0.000003 0.000001 0.01 0.14961 0.00128 0.0865 0.0015 0.11098 0.00083 3.1555 0.0377 1676 28 1775 19 1816 14
40.1 337 210 0.62 0.000095 0.000022 0.15 0.17477 0.00165 0.0877 0.0013 0.11059 0.00085 3.2006 0.0316 1699 24 1753 15 1809 14
41.1 254 206 0.81 0.000138 0.000039 0.21 0.20408 0.00251 0.0839 0.0020 0.11143 0.00113 2.9945 0.0520 1629 37 1858 28 1823 18
42.1 234 126 0.54 0.000009 0.000004 0.01 0.16257 0.00312 0.0872 0.0021 0.11145 0.00087 3.4581 0.0453 1690 40 1637 19 1823 14
43.1 384 236 0.61 0.000051 0.000014 0.08 0.17481 0.00198 0.0914 0.0016 0.11140 0.00076 3.1134 0.0340 1767 29 1796 17 1823 13
44.1 187 100 0.53 0.000153 0.000045 0.24 0.14185 0.00283 0.0793 0.0019 0.11170 0.00175 3.3567 0.0382 1543 36 1681 17 1827 29
45.1 786 222 0.28 0.000081 0.000021 0.13 0.08489 0.00109 0.0886 0.0019 0.11133 0.00074 3.3945 0.0463 1717 34 1664 20 1821 12
46.1 746 665 0.89 0.000240 0.000064 0.37 0.09999 0.00243 0.0229 0.0007 0.11128 0.00122 4.8999 0.0612 457 13 1197 14 1820 20
47.1 226 111 0.49 0.000020 0.000020 0.03 0.13977 0.00222 0.0924 0.0023 0.11079 0.00110 3.0631 0.0477 1786 42 1821 25 1812 18
48.1 156 98 0.63 0.000315 0.000065 0.49 0.16939 0.00310 0.0861 0.0027 0.10845 0.00134 3.1302 0.0624 1669 49 1787 31 1774 23
49.1 390 263 0.67 0.000018 0.000006 0.03 0.13914 0.00243 0.0582 0.0012 0.11401 0.00137 3.5410 0.0279 1144 23 1604 11 1864 22
Table 8.7. U-Th-Pb isotopic analyses of zircon from the Ledan Schist
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Apparent Ages (Ma)
50.1 404 130 0.32 0.000086 0.000030 0.13 0.08837 0.00197 0.0848 0.0023 0.11203 0.00071 3.2399 0.0433 1645 44 1734 20 1833 12
51.1 175 113 0.64 0.000036 0.000021 0.06 0.17961 0.00267 0.0954 0.0023 0.11418 0.00110 2.9302 0.0468 1842 42 1893 26 1867 18
52.1 800 623 0.78 0.000231 0.000030 0.36 0.11383 0.00179 0.0285 0.0005 0.11164 0.00075 5.1370 0.0267 567 10 1147 5 1826 12
53.1 276 81 0.29 0.000032 0.000009 0.05 0.07062 0.00095 0.0804 0.0014 0.11034 0.00127 2.9803 0.0252 1562 26 1865 14 1805 21
54.1 431 1332 3.09 0.000397 0.000042 0.61 0.13358 0.00209 0.0104 0.0002 0.11292 0.00099 4.1421 0.0382 210 4 1394 12 1847 16
55.1 379 112 0.29 0.000040 0.000029 0.06 0.07749 0.00128 0.0956 0.0020 0.12250 0.00077 2.7513 0.0282 1845 37 1999 18 1993 11
56.1 168 73 0.44 0.000182 0.000070 0.28 0.13768 0.00348 0.0634 0.0020 0.10856 0.00166 4.9826 0.0812 1243 39 1179 18 1776 28
57.1 523 363 0.70 0.000053 0.000038 0.08 0.19144 0.00226 0.0813 0.0013 0.11296 0.00097 3.3875 0.0275 1579 24 1668 12 1848 16
58.1 124 129 1.04 0.000020 0.000020 0.03 0.28266 0.00329 0.1252 0.0030 0.16364 0.00102 2.1615 0.0359 2384 53 2451 34 2494 11
59.1 282 144 0.51 0.000052 0.000014 0.08 0.14569 0.00152 0.0974 0.0021 0.11544 0.00142 2.9400 0.0462 1879 39 1887 26 1887 22
60.1 324 200 0.62 0.000097 0.000034 0.15 0.14797 0.00166 0.0859 0.0015 0.12514 0.00102 2.7900 0.0303 1665 27 1975 19 2031 15
61.1 144 128 0.89 0.000202 0.000042 0.31 0.24191 0.00464 0.0888 0.0023 0.11242 0.00220 3.0582 0.0454 1720 43 1824 24 1839 36
62.1 268 179 0.67 0.000094 0.000063 0.15 0.18371 0.00271 0.0911 0.0018 0.11201 0.00173 3.0233 0.0299 1762 33 1842 16 1832 28
63.1 213 116 0.54 0.000065 0.000022 0.10 0.15729 0.00310 0.0934 0.0025 0.11122 0.00174 3.0920 0.0446 1805 45 1806 23 1819 29
64.1 187 128 0.69 0.000097 0.000036 0.14 0.19262 0.00295 0.1247 0.0029 0.16388 0.00206 2.2540 0.0330 2375 52 2367 29 2496 21
65.1 352 230 0.65 0.000103 0.000038 0.16 0.10652 0.00200 0.0438 0.0011 0.10889 0.00229 3.7222 0.0507 866 21 1534 19 1781 39
66.1 315 176 0.56 0.000149 0.000044 0.23 0.15754 0.00397 0.0906 0.0029 0.11011 0.00108 3.1209 0.0487 1752 53 1792 24 1801 18
67.1 308 600 1.94 0.000135 0.000041 0.21 0.11110 0.00301 0.0109 0.0004 0.10912 0.00135 5.2509 0.1055 219 8 1124 21 1785 23
68.1 477 224 0.47 0.000508 0.000068 0.80 0.13320 0.00278 0.0597 0.0014 0.10420 0.00124 4.7520 0.0401 1173 26 1231 9 1700 22
69.1 259 115 0.45 0.000138 0.000029 0.21 0.12141 0.00189 0.0832 0.0018 0.11064 0.00132 3.2796 0.0433 1615 34 1716 20 1810 22
70.1 233 119 0.51 0.000013 0.000005 0.02 0.14776 0.00230 0.0939 0.0020 0.11121 0.00070 3.0663 0.0363 1815 36 1820 19 1819 11
71.1 358 80 0.22 0.000069 0.000014 0.10 0.02693 0.00104 0.0507 0.0021 0.15726 0.00113 2.3726 0.0188 999 40 2267 15 2426 12
72.1 1381 1238 0.90 0.000532 0.000108 0.84 0.01895 0.00401 0.0029 0.0006 0.10271 0.00179 7.2003 0.0691 59 13 838 8 1674 33
73.1 241 82 0.34 0.000123 0.000034 0.19 0.05380 0.00153 0.0496 0.0016 0.11621 0.00214 3.1848 0.0412 979 31 1760 20 1899 34
74.1 290 140 0.48 0.000110 0.000023 0.17 0.12674 0.00209 0.0845 0.0019 0.11485 0.00140 3.1175 0.0406 1639 35 1794 20 1878 22
75.1 226 152 0.67 0.000025 0.000017 0.04 0.19196 0.00212 0.0914 0.0015 0.10874 0.00145 3.1143 0.0347 1768 29 1795 18 1779 25
75.2 210 137 0.65 0.000020 0.000020 0.03 0.18887 0.00210 0.0924 0.0017 0.10997 0.00094 3.1455 0.0389 1786 31 1780 19 1799 16
76.1 272 158 0.58 0.000102 0.000022 0.16 0.16277 0.00264 0.0871 0.0019 0.11072 0.00107 3.2224 0.0398 1687 35 1742 19 1811 18
77.1 453 220 0.49 0.000083 0.000018 0.13 0.10493 0.00118 0.0601 0.0009 0.11514 0.00073 3.5959 0.0317 1180 17 1582 12 1882 12
78.1 192 97 0.51 0.000015 0.000007 0.02 0.14486 0.00187 0.0906 0.0019 0.11227 0.00107 3.1628 0.0451 1753 35 1771 22 1836 17
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
1.1 1163 21 0.02 0.000041 0.000005 0.07 0.00564 0.00021 0.0939 0.0036 0.10584 0.00032 3.2503 0.0141 1814 67 1729 7 1729 6
2.1 179 39 0.22 0.000386 0.000050 0.62 0.05657 0.00213 0.0775 0.0030 0.10505 0.00101 3.3203 0.0284 1508 57 1697 13 1715 18
3.1 215 69 0.32 0.000385 0.000036 0.62 0.09013 0.00156 0.0870 0.0017 0.10540 0.00084 3.2318 0.0192 1687 31 1738 9 1721 15
4.1 233 60 0.26 0.000384 0.000069 0.62 0.07145 0.00266 0.0860 0.0033 0.10586 0.00116 3.2137 0.0187 1668 61 1747 9 1729 20
5.1 203 71 0.35 0.000350 0.000035 0.56 0.09399 0.00154 0.0831 0.0017 0.10608 0.00079 3.2139 0.0291 1614 31 1746 14 1733 14
6.1 960 34 0.04 0.000080 0.000008 0.13 0.00959 0.00036 0.0836 0.0032 0.10567 0.00028 3.2691 0.0148 1623 59 1721 7 1726 5
7.1 559 135 0.24 0.000127 0.000017 0.20 0.05444 0.00074 0.0698 0.0010 0.10680 0.00058 3.2265 0.0164 1363 20 1740 8 1746 10
8.1 413 37 0.09 0.000168 0.000017 0.27 0.02429 0.00084 0.0832 0.0030 0.10680 0.00048 3.2977 0.0226 1615 55 1707 10 1746 8
8.2 1358 7908 5.82 0.003516 0.000126 5.63 0.03898 0.00469 0.0009 0.0001 0.10320 0.00208 7.6391 0.0469 18 2 793 5 1683 38
9.1 316 53 0.17 0.000225 0.000023 0.36 0.04814 0.00095 0.0887 0.0019 0.10577 0.00053 3.2298 0.0216 1718 35 1739 10 1728 9
10.1 222 60 0.27 0.000310 0.000056 0.50 0.07383 0.00215 0.0842 0.0026 0.10725 0.00100 3.2660 0.0294 1634 49 1722 14 1753 17
11.1 226 65 0.29 0.000304 0.000046 0.49 0.08304 0.00183 0.0879 0.0021 0.10600 0.00087 3.2857 0.0259 1702 39 1713 12 1732 15
12.1 394 44 0.11 0.000132 0.000015 0.21 0.03190 0.00066 0.0894 0.0019 0.10650 0.00042 3.2334 0.0157 1731 36 1737 7 1740 7
13.1 229 49 0.21 0.000278 0.000037 0.45 0.06231 0.00184 0.0880 0.0028 0.10701 0.00109 3.3415 0.0312 1705 53 1688 14 1749 19
14.1 1090 41 0.04 0.000063 0.000010 0.10 0.01118 0.00038 0.0899 0.0031 0.10557 0.00035 3.2636 0.0130 1741 58 1723 6 1724 6
15.1 115 65 0.56 0.000297 0.000042 0.48 0.15371 0.00300 0.1181 0.0034 0.14724 0.00166 2.3215 0.0409 2256 61 2309 34 2314 19
16.1 261 90 0.35 0.000290 0.000039 0.47 0.09898 0.00172 0.0873 0.0017 0.10550 0.00080 3.2686 0.0246 1692 32 1721 11 1723 14
17.1 913 39 0.04 0.000067 0.000007 0.11 0.01212 0.00032 0.0865 0.0024 0.10565 0.00025 3.2878 0.0123 1677 44 1712 6 1726 4
15.2 187 50 0.27 0.000193 0.000028 0.31 0.07455 0.00130 0.0866 0.0018 0.10649 0.00078 3.2121 0.0223 1679 33 1747 11 1740 14
16.1 283 53 0.19 0.000222 0.000025 0.36 0.05496 0.00141 0.0909 0.0025 0.10606 0.00091 3.2064 0.0277 1758 47 1750 13 1733 16
17.1 223 78 0.35 0.000287 0.000036 0.46 0.10033 0.00157 0.0886 0.0016 0.10535 0.00082 3.2435 0.0217 1715 29 1732 10 1720 14
18.1 330 50 0.15 0.000179 0.000020 0.29 0.04243 0.00085 0.0864 0.0019 0.10662 0.00069 3.2571 0.0258 1675 36 1726 12 1742 12
19.1 374 43 0.12 0.000161 0.000018 0.26 0.03250 0.00075 0.0868 0.0022 0.10555 0.00058 3.2458 0.0229 1683 40 1731 11 1724 10
20.1 219 65 0.30 0.000254 0.000032 0.41 0.08388 0.00148 0.0859 0.0019 0.10497 0.00068 3.2927 0.0388 1666 36 1710 18 1714 12
21.1 1088 227 0.21 0.000215 0.000012 0.34 0.01175 0.00052 0.0171 0.0008 0.10585 0.00030 3.2937 0.0103 343 15 1709 5 1729 5
22.1 358 54 0.15 0.000141 0.000027 0.23 0.04417 0.00113 0.0911 0.0024 0.10687 0.00069 3.2410 0.0161 1762 45 1734 8 1747 12
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.8. U-Th-Pb isotopic analyses of zircon from pegmatite in the Mendip Metamorphics
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Cores
6.3 211 132 0.63 0.000049 0.000025 0.070 0.17907 0.00370 0.1194 0.0031 0.14907 0.00148 2.3895 0.0315 2280 56 2254 25 2335 17
13.2 236 95 0.40 0.000011 0.000021 0.017 0.12345 0.00279 0.0994 0.0030 0.11392 0.00104 3.0836 0.0506 1916 55 1811 26 1863 17
16.2 1532 1316 0.86 0.000197 0.000029 0.310 0.18611 0.00167 0.0327 0.0005 0.10456 0.00074 6.6251 0.0556 651 9 906 7 1707 13
22.2 170 153 0.90 0.000024 0.000017 0.038 0.26213 0.00359 0.0925 0.0026 0.11097 0.00097 3.1549 0.0663 1789 49 1775 33 1815 16
28.1 708 229 0.32 0.000020 0.000020 0.031 0.09214 0.00133 0.0958 0.0017 0.11535 0.00053 2.9769 0.0253 1849 32 1867 14 1885 8
29.1 182 202 1.11 0.000020 0.000020 0.031 0.34744 0.00513 0.0996 0.0024 0.10983 0.00131 3.1507 0.0495 1919 44 1777 24 1797 22
30.1 196 145 0.74 0.000020 0.000020 0.028 0.20378 0.00224 0.1335 0.0036 0.16592 0.00140 2.0541 0.0436 2532 65 2557 45 2517 14
31.1 160 166 1.04 0.000020 0.000020 0.031 0.30025 0.00663 0.0839 0.0024 0.11530 0.00098 3.4335 0.0526 1628 45 1648 22 1885 15
32.1 558 237 0.43 0.000027 0.000011 0.041 0.12238 0.00189 0.0953 0.0021 0.11532 0.00075 3.0219 0.0375 1839 38 1843 20 1885 12
33.1 342 297 0.87 0.000036 0.000020 0.055 0.25530 0.00349 0.0987 0.0019 0.11418 0.00086 2.9794 0.0360 1902 36 1866 20 1867 14
34.1 2226 950 0.43 0.000040 0.000020 0.061 0.00579 0.00072 0.0030 0.0004 0.11351 0.00056 4.5578 0.0263 60 8 1279 7 1856 9
35.1 462 121 0.26 0.000028 0.000027 0.043 0.06884 0.00145 0.0864 0.0023 0.11443 0.00103 3.0540 0.0375 1676 42 1826 20 1871 16
37.1 380 164 0.43 0.000005 0.000004 0.007 0.12413 0.00152 0.1022 0.0022 0.11463 0.00063 2.8192 0.0412 1967 40 1957 25 1874 10
38.1 223 138 0.62 0.000020 0.000031 0.030 0.17845 0.00300 0.0912 0.0027 0.11193 0.00122 3.1562 0.0648 1764 50 1774 32 1831 20
39.1 468 266 0.57 0.000031 0.000017 0.049 0.17373 0.00204 0.0898 0.0018 0.11007 0.00110 3.4067 0.0464 1738 33 1659 20 1801 18
40.1 1387 1080 0.78 0.000042 0.000017 0.065 0.17539 0.00312 0.0533 0.0010 0.11113 0.00066 4.2228 0.0280 1050 20 1370 8 1818 11
41.1 222 99 0.45 0.000020 0.000020 0.030 0.12668 0.00238 0.1007 0.0034 0.12518 0.00122 2.8155 0.0631 1939 62 1959 38 2031 17
42.1 804 308 0.38 0.000012 0.000008 0.019 0.10508 0.00211 0.0848 0.0022 0.11049 0.00075 3.2371 0.0460 1644 42 1735 22 1808 12
42.2 841 336 0.40 0.000005 0.000006 0.009 0.11300 0.00134 0.0869 0.0014 0.11067 0.00042 3.2522 0.0286 1685 26 1728 13 1810 7
43.1 493 300 0.61 0.000030 0.000019 0.043 0.17004 0.00243 0.1186 0.0022 0.14776 0.00076 2.3584 0.0221 2266 40 2279 18 2320 9
44.1 348 249 0.72 0.000046 0.000023 0.067 0.20364 0.00463 0.1077 0.0030 0.13536 0.00132 2.6393 0.0362 2067 54 2071 24 2169 17
45.1 483 291 0.60 0.000024 0.000024 0.037 0.17373 0.00280 0.0987 0.0023 0.11428 0.00105 2.9223 0.0407 1903 41 1897 23 1869 17
46.1 368 206 0.56 0.000021 0.000014 0.032 0.16449 0.00218 0.0941 0.0021 0.11140 0.00094 3.1179 0.0473 1818 39 1793 24 1822 15
47.1 209 132 0.63 0.000008 0.000017 0.013 0.18295 0.00363 0.0911 0.0026 0.11100 0.00102 3.1882 0.0523 1762 48 1759 25 1816 17
48.1 526 127 0.24 0.000016 0.000011 0.024 0.07320 0.00121 0.0985 0.0022 0.11441 0.00086 3.0887 0.0379 1899 41 1808 19 1871 14
49.1 500 303 0.61 0.000020 0.000020 0.029 0.17133 0.00167 0.1106 0.0025 0.13658 0.00077 2.5578 0.0433 2120 46 2127 31 2184 10
50.1 285 210 0.74 0.000006 0.000012 0.009 0.20484 0.00422 0.1266 0.0034 0.16538 0.00119 2.2004 0.0335 2410 62 2415 31 2511 12
51.1 1096 71 0.06 0.000010 0.000006 0.015 0.01889 0.00063 0.0994 0.0035 0.11552 0.00048 2.9384 0.0240 1915 65 1888 13 1888 8
52.1 682 330 0.48 0.000011 0.000010 0.018 0.13919 0.00137 0.0902 0.0013 0.11053 0.00066 3.1922 0.0295 1745 24 1757 14 1808 11
53.1 207 98 0.47 0.000020 0.000020 0.031 0.14185 0.00476 0.1010 0.0077 0.11359 0.00326 2.9693 0.1668 1945 141 1871 92 1858 53
54.1 232 48 0.21 0.000049 0.000057 0.076 0.06108 0.00288 0.0994 0.0053 0.11374 0.00179 2.9790 0.0579 1915 99 1866 32 1860 29
55.1 273 4 0.01 0.000107 0.000032 0.159 0.00059 0.00115 0.0157 0.0305 0.12898 0.00081 2.5624 0.0250 314 599 2124 18 2084 11
56.1 483 153 0.32 0.000005 0.000009 0.007 0.08909 0.00234 0.0989 0.0038 0.11581 0.00209 2.8408 0.0584 1906 71 1944 35 1892 33
57.1 512 90 0.18 0.000098 0.000026 0.142 0.05094 0.00247 0.1144 0.0067 0.14811 0.00184 2.5372 0.0272 2189 122 2142 20 2324 21
58.1 336 108 0.32 0.001368 0.000247 2.105 0.09309 0.00927 0.0903 0.0093 0.11603 0.00393 3.1901 0.0705 1748 173 1758 34 1896 62
59.1 274 129 0.47 0.000020 0.000020 0.031 0.13207 0.00299 0.0943 0.0026 0.11609 0.00134 2.9740 0.0383 1822 48 1869 21 1897 21
60.1 275 290 1.05 0.000045 0.000060 0.070 0.30503 0.00374 0.0906 0.0022 0.11096 0.00139 3.1978 0.0568 1753 41 1754 27 1815 23
61.1 377 185 0.49 0.000002 0.000004 0.004 0.14528 0.00253 0.0984 0.0026 0.11690 0.00065 3.0152 0.0490 1898 47 1846 26 1909 10
62.1 343 294 0.86 0.000013 0.000015 0.019 0.24340 0.00227 0.1104 0.0028 0.13741 0.00099 2.5688 0.0506 2117 51 2120 36 2195 13
63.1 477 307 0.64 0.000020 0.000020 0.028 0.17740 0.00267 0.1292 0.0028 0.16570 0.00119 2.1360 0.0282 2456 50 2476 27 2515 12
64.1 627 128 0.20 0.000036 0.000020 0.055 0.05570 0.00125 0.0901 0.0030 0.11953 0.00167 3.0325 0.0526 1745 56 1837 28 1949 25
65.1 693 289 0.42 0.000012 0.000009 0.018 0.11825 0.00129 0.1088 0.0019 0.13300 0.00077 2.6055 0.0297 2087 34 2094 20 2138 10
66.1 890 39 0.04 0.000003 0.000005 0.004 0.01197 0.00048 0.0914 0.0038 0.11518 0.00062 2.9723 0.0226 1767 70 1870 12 1883 10
67.1 421 364 0.86 0.000017 0.000013 0.027 0.25063 0.00306 0.0904 0.0014 0.11054 0.00070 3.2057 0.0270 1750 27 1750 13 1808 12
68.1 605 159 0.26 0.000014 0.000013 0.022 0.07138 0.00117 0.0857 0.0019 0.11214 0.00099 3.1728 0.0413 1663 36 1766 20 1834 16
Table 8.9. U-Th-Pb isotopic analyses of zircon from the Mount Bleechmore Granulite
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Apparent Ages (Ma)
69.1 382 129 0.34 0.000002 0.000004 0.003 0.10243 0.00151 0.0961 0.0023 0.11061 0.00109 3.1510 0.0503 1855 43 1777 25 1809 18
70.1 793 73 0.09 0.000006 0.000009 0.009 0.02712 0.00082 0.0934 0.0031 0.11232 0.00085 3.1655 0.0297 1805 56 1770 15 1837 14
71.1 577 281 0.49 0.000009 0.000011 0.014 0.14217 0.00205 0.0940 0.0017 0.11041 0.00063 3.1112 0.0288 1816 31 1797 15 1806 10
72.1 280 136 0.49 0.000025 0.000036 0.039 0.13233 0.00235 0.0852 0.0021 0.11198 0.00117 3.1978 0.0461 1652 39 1754 22 1832 19
73.1 469 15 0.03 0.000023 0.000024 0.036 0.00749 0.00092 0.0684 0.0085 0.10479 0.00113 3.4739 0.0339 1338 161 1631 14 1711 20
75.1 378 231 0.61 0.000020 0.000027 0.031 0.17980 0.00266 0.0948 0.0028 0.11460 0.00108 3.0942 0.0676 1831 53 1805 34 1874 17
76.1 145 55 0.38 0.000066 0.000060 0.098 0.11211 0.00311 0.1071 0.0046 0.12787 0.00133 2.7727 0.0744 2057 85 1985 46 2069 19
77.1 449 109 0.24 0.000085 0.000037 0.128 0.06398 0.00192 0.0937 0.0031 0.12502 0.00108 2.8226 0.0348 1810 58 1955 21 2029 15
78.1 258 93 0.36 0.000128 0.000043 0.198 0.09306 0.00312 0.0766 0.0034 0.10966 0.00264 3.3581 0.0850 1492 63 1680 38 1794 44
79.1 874 306 0.35 0.000022 0.000014 0.033 0.09401 0.00180 0.0868 0.0021 0.12232 0.00063 3.0965 0.0354 1683 38 1804 18 1990 9
80.1 184 166 0.90 0.000100 0.000074 0.153 0.26155 0.00704 0.0866 0.0032 0.11317 0.00205 3.3506 0.0715 1678 60 1684 32 1851 33
81.1 1236 127 0.10 0.000008 0.000009 0.012 0.00630 0.00048 0.0175 0.0014 0.11232 0.00048 3.4883 0.0281 351 27 1625 12 1837 8
82.1 402 133 0.33 0.000052 0.000014 0.081 0.09153 0.00899 0.0938 0.0127 0.11012 0.00119 2.9445 0.0988 1812 237 1885 55 1801 20
Overgrowths
1.1 415 8 0.02 0.000018 0.000006 0.029 0.00444 0.00032 0.0749 0.0054 0.10733 0.00037 3.1743 0.0225 1461 102 1765 11 1755 6
2.1 526 8 0.02 0.000009 0.000003 0.014 0.00440 0.00022 0.0874 0.0046 0.10865 0.00055 3.1710 0.0234 1693 85 1767 11 1777 9
2.2 607 8 0.01 0.000028 0.000014 0.044 0.00100 0.00057 0.0243 0.0139 0.10669 0.00081 3.1555 0.0799 485 277 1775 39 1744 14
2.4 410 7 0.02 0.000018 0.000015 0.029 0.00517 0.00064 0.0925 0.0115 0.10849 0.00063 3.2697 0.0276 1788 215 1720 13 1774 11
3.1 454 14 0.03 0.000012 0.000007 0.019 0.00440 0.00034 0.0433 0.0034 0.10605 0.00056 3.2859 0.0217 857 66 1713 10 1733 10
4.1 437 52 0.12 0.000005 0.000003 0.007 0.03591 0.00059 0.0963 0.0018 0.10879 0.00050 3.1597 0.0197 1859 33 1773 10 1779 8
4.2 574 103 0.18 0.000031 0.000026 0.050 0.06162 0.00146 0.1143 0.0051 0.10869 0.00071 2.9921 0.0378 2188 93 1859 20 1778 12
5.1 458 8 0.02 0.000014 0.000006 0.023 0.00455 0.00031 0.0852 0.0060 0.10687 0.00042 3.2073 0.0181 1652 112 1750 9 1747 7
5.2 336 8 0.02 0.000090 0.000035 0.144 0.00126 0.00130 0.0158 0.0164 0.10422 0.00114 3.2818 0.0603 317 323 1715 28 1701 20
5.4 476 8 0.02 0.000040 0.000015 0.065 0.00245 0.00057 0.0435 0.0101 0.10761 0.00050 3.2370 0.0345 861 197 1735 16 1759 9
6.1 473 8 0.02 0.000009 0.000006 0.015 0.00441 0.00028 0.0864 0.0055 0.10723 0.00046 3.1245 0.0249 1674 103 1790 12 1753 8
6.2 422 7 0.02 0.000147 0.000076 0.236 -0.00010 0.00277 -0.0020 -0.0535 0.10441 0.00147 3.0721 0.0546 0 0 1817 28 1704 26
6.5 384 6 0.02 0.000030 0.000009 0.048 0.00323 0.00039 0.0678 0.0083 0.10651 0.00050 3.0582 0.0432 1326 158 1824 22 1741 9
7.1 507 10 0.02 0.000009 0.000005 0.015 0.00341 0.00025 0.0561 0.0041 0.10619 0.00030 3.2371 0.0230 1102 79 1735 11 1735 5
8.1 513 7 0.01 0.000097 0.000037 0.155 0.00105 0.00140 0.0228 0.0304 0.10557 0.00089 3.2404 0.0315 456 593 1734 15 1724 16
8.1 530 10 0.02 0.000002 0.000001 0.003 0.00427 0.00020 0.0690 0.0034 0.10694 0.00030 3.2052 0.0205 1348 64 1751 10 1748 5
8.4 468 7 0.02 0.000021 0.000008 0.034 0.00266 0.00034 0.0592 0.0077 0.10854 0.00095 2.9799 0.0698 1163 148 1865 38 1775 16
9.1 440 10 0.02 0.000019 0.000006 0.030 0.00419 0.00025 0.0580 0.0035 0.10607 0.00038 3.1722 0.0216 1140 67 1766 11 1733 7
10.1 452 14 0.03 0.000018 0.000009 0.029 0.00400 0.00035 0.0408 0.0037 0.10716 0.00039 3.2681 0.0156 809 71 1721 7 1752 7
11.1 566 8 0.01 0.000009 0.000003 0.014 0.00354 0.00015 0.0824 0.0036 0.10770 0.00041 3.1633 0.0147 1600 68 1771 7 1761 7
12.1 452 27 0.06 0.000051 0.000030 0.081 0.00310 0.00115 0.0151 0.0056 0.10679 0.00112 3.4053 0.0417 303 112 1660 18 1745 19
12.2 525 6 0.01 0.000015 0.000015 0.023 0.00330 0.00062 0.0890 0.0170 0.11010 0.00116 3.1965 0.0539 1723 318 1755 26 1801 19
13.1 436 6 0.01 0.000038 0.000034 0.061 0.00312 0.00128 0.0657 0.0270 0.10647 0.00124 3.3807 0.0487 1286 519 1670 21 1740 21
14.1 646 6 0.01 0.000074 0.000025 0.118 -0.00016 0.00093 -0.0057 -0.0336 0.10614 0.00143 3.2215 0.0684 0 0 1743 33 1734 25
15.1 301 7 0.02 0.000128 0.000040 0.205 0.00329 0.00162 0.0411 0.0203 0.10626 0.00162 3.4696 0.1471 815 398 1633 61 1736 28
16.1 436 10 0.02 0.000061 0.000023 0.097 0.00334 0.00092 0.0440 0.0122 0.10596 0.00086 3.2939 0.0557 871 238 1709 25 1731 15
17.1 853 133 0.16 0.000053 0.000015 0.085 0.00106 0.00055 0.0019 0.0010 0.10715 0.00049 3.5467 0.0842 39 21 1601 34 1751 8
18.1 517 7 0.01 0.000084 0.000030 0.135 0.00157 0.00115 0.0363 0.0266 0.10683 0.00096 3.3068 0.0401 721 525 1703 18 1746 16
19.1 649 45 0.07 0.000137 0.000025 0.219 -0.00187 0.00090 -0.0089 -0.0043 0.10891 0.00095 3.0277 0.0670 0 0 1840 36 1781 16
19.2 343 7 0.02 0.000071 0.000034 0.113 0.00460 0.00128 0.0640 0.0180 0.10635 0.00103 3.2920 0.0707 1253 345 1710 32 1738 18
19.3 525 9 0.02 0.000077 0.000016 0.124 0.00076 0.00060 0.0139 0.0110 0.10388 0.00153 3.0959 0.0549 279 221 1804 28 1695 27
20.1 342 6 0.02 0.000075 0.000031 0.120 0.00324 0.00120 0.0529 0.0197 0.10379 0.00104 3.2532 0.0430 1042 382 1728 20 1693 19
20.2 393 8 0.02 0.000038 0.000023 0.061 0.00407 0.00094 0.0606 0.0141 0.10739 0.00096 3.4997 0.0647 1190 271 1620 27 1756 17
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Apparent Ages (Ma)
21.1 392 8 0.02 0.000398 0.000104 0.636 -0.00753 0.00386 -0.1095 -0.0565 0.10039 0.00173 3.4055 0.1128 0 0 1660 49 1631 32
21.2 369 9 0.02 0.000039 0.000018 0.062 0.00652 0.00071 0.0821 0.0093 0.10700 0.00088 3.3066 0.0854 1594 174 1703 39 1749 15
22.1 520 6 0.01 0.000066 0.000027 0.105 0.00073 0.00106 0.0197 0.0286 0.10730 0.00099 3.0527 0.0492 393 560 1827 26 1754 17
23.1 408 5 0.01 0.000143 0.000026 0.229 -0.00130 0.00098 -0.0340 -0.0256 0.10372 0.00136 3.0991 0.0832 0 0 1803 42 1692 24
24.1 820 49 0.06 0.000095 0.000020 0.152 0.00583 0.00086 0.0335 0.0052 0.11807 0.00098 2.9399 0.0157 666 102 1887 9 1927 15
25.1 192 8 0.04 0.000226 0.000074 0.361 0.00497 0.00303 0.0411 0.0251 0.10273 0.00200 3.0524 0.0715 814 493 1827 37 1674 37
25.2 446 6 0.01 0.000126 0.000034 0.202 -0.00046 0.00124 -0.0098 -0.0261 0.10436 0.00118 3.3075 0.1494 0 0 1703 68 1703 21
26.1 558 17 0.03 0.000072 0.000020 0.116 0.00255 0.00074 0.0249 0.0073 0.10550 0.00157 3.2798 0.0594 497 144 1716 27 1723 28
27.1 565 8 0.01 0.000039 0.000030 0.062 0.00284 0.00112 0.0646 0.0255 0.10779 0.00115 3.2207 0.0549 1265 490 1743 26 1762 20
30.2 377 10 0.03 0.000028 0.000014 0.045 0.00654 0.00061 0.0792 0.0076 0.10580 0.00060 3.0862 0.0245 1541 142 1809 13 1728 10
32.2 430 6 0.01 0.000027 0.000011 0.044 0.00438 0.00045 0.1086 0.0116 0.10683 0.00070 2.9901 0.0400 2084 212 1860 22 1746 12
33.2 351 6 0.02 0.000038 0.000019 0.061 0.00549 0.00073 0.0957 0.0128 0.10729 0.00076 3.1093 0.0324 1847 237 1798 16 1754 13
36.2 378 7 0.02 0.000069 0.000016 0.111 0.00433 0.00075 0.0805 0.0141 0.10693 0.00050 3.0508 0.0481 1565 266 1828 25 1748 9
83.1 505 7 0.01 0.000046 0.000015 0.073 0.00240 0.00057 0.0552 0.0131 0.10778 0.00062 3.1012 0.0315 1086 253 1802 16 1762 11
84.1 405 8 0.02 0.000060 0.000018 0.097 0.00233 0.00072 0.0398 0.0123 0.10717 0.00063 3.0935 0.0326 790 240 1806 17 1752 11
85.1 368 8 0.02 0.000072 0.000041 0.116 0.00510 0.00151 0.0739 0.0220 0.10700 0.00103 3.1436 0.0357 1441 418 1781 18 1749 18
86.1 426 7 0.02 0.000114 0.000022 0.182 0.00111 0.00085 0.0231 0.0177 0.10596 0.00079 3.1581 0.0283 461 353 1773 14 1731 14
87.1 473 7 0.02 0.000049 0.000019 0.079 0.00470 0.00074 0.0976 0.0155 0.10971 0.00072 3.0921 0.0266 1882 286 1806 14 1795 12
88.1 409 16 0.04 0.000058 0.000033 0.092 0.00520 0.00132 0.0445 0.0113 0.10827 0.00092 3.0696 0.0220 879 220 1818 11 1771 16
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
Cores
23.1 699 175 0.26 0.000017 0.000005 0.03 0.0863 2.0958 0.10599 0.00055 3.3803 0.0490 1673 35 1664 23 1732 9
21.1 1264 423 0.35 0.000025 0.000008 0.04 0.0815 1.5706 0.10651 0.00040 3.6497 0.0505 1583 25 1544 21 1741 7
8.1 894 317 0.37 0.000030 0.000009 0.05 0.0855 1.5858 0.10684 0.00050 3.3605 0.0463 1659 26 1672 22 1746 9
7.1 939 347 0.38 0.000058 0.000011 0.09 0.0749 1.5654 0.10685 0.00039 3.7220 0.0513 1459 23 1515 20 1746 7
17.1 1096 427 0.40 0.000021 0.000006 0.03 0.0887 1.5220 0.10720 0.00037 3.2413 0.0448 1718 26 1731 23 1752 6
6.1 918 299 0.34 0.000012 0.000005 0.02 0.0821 1.6519 0.10726 0.00035 3.4596 0.0521 1594 26 1625 24 1753 6
9.1 874 227 0.27 0.000045 0.000009 0.07 0.0868 1.6098 0.10730 0.00038 3.3867 0.0468 1682 27 1659 22 1754 6
4.1 295 132 0.46 0.000100 0.000028 0.16 0.0912 1.8504 0.10734 0.00072 3.2857 0.0470 1765 33 1708 24 1755 12
19.1 799 215 0.28 0.000025 0.000007 0.04 0.0861 1.7106 0.10746 0.00047 3.3796 0.0476 1668 29 1662 23 1757 8
25.1 590 205 0.36 0.000055 0.000011 0.09 0.0888 1.8047 0.10762 0.00061 3.2693 0.0467 1720 31 1716 24 1760 10
15.1 983 535 0.56 0.000105 0.000017 0.16 0.0493 1.6775 0.10769 0.00048 3.8192 0.0529 973 16 1476 20 1761 8
2.1 537 237 0.46 0.000021 0.000007 0.03 0.0907 1.8333 0.10771 0.00043 3.2510 0.0452 1755 32 1725 23 1761 7
13.1 802 277 0.36 0.000008 0.000005 0.01 0.0842 1.7153 0.10772 0.00042 3.4427 0.0531 1633 28 1632 24 1761 7
14.1 1107 400 0.37 0.000023 0.000007 0.04 0.0821 1.5509 0.10775 0.00039 3.4555 0.0480 1594 25 1626 22 1762 7
18.1 1171 452 0.40 0.000009 0.000006 0.01 0.0926 1.6179 0.10785 0.00038 3.2631 0.0461 1790 29 1719 24 1763 7
3.1 447 213 0.49 0.000052 0.000010 0.08 0.0865 1.6004 0.10796 0.00054 3.3709 0.0473 1676 27 1665 23 1765 9
10.1 1377 536 0.40 0.000018 0.000005 0.03 0.0857 1.4704 0.10809 0.00031 3.4337 0.0471 1662 24 1635 22 1767 5
24.1 1309 426 0.34 0.000019 0.000004 0.03 0.0866 1.6464 0.10810 0.00040 3.3441 0.0464 1679 28 1678 23 1768 7
26.1 1223 730 0.62 0.000062 0.000012 0.10 0.0837 1.7386 0.10811 0.00056 3.3874 0.0497 1625 28 1657 24 1768 9
20.1 838 203 0.25 0.000058 0.000013 0.09 0.0845 1.9051 0.10815 0.00051 3.4380 0.0482 1639 31 1633 22 1769 9
28.1 1871 1172 0.65 0.000093 0.000016 0.15 0.0584 1.5885 0.10823 0.00044 3.6930 0.0511 1148 18 1524 20 1770 7
12.1 1048 410 0.40 0.000020 0.000006 0.03 0.0883 1.5094 0.10831 0.00036 3.3054 0.0457 1710 26 1696 23 1771 6
11.1 868 239 0.28 0.000000 0.000000 0.00 0.0871 1.5796 0.10838 0.00039 3.3331 0.0462 1688 27 1683 23 1772 7
27.1 1117 390 0.36 0.000017 0.000010 0.03 0.0883 1.9705 0.10839 0.00046 3.2542 0.0454 1710 34 1722 23 1772 8
5.1 1392 430 0.32 0.000005 0.000002 0.01 0.0914 1.4951 0.10893 0.00027 3.1385 0.0439 1767 26 1783 24 1782 5
22.1 219 84 0.40 0.000097 0.000033 0.15 0.0845 2.8792 0.10906 0.00147 3.5240 0.0549 1640 47 1593 24 1784 25
16.1 1189 417 0.36 0.000015 0.000005 0.02 0.0929 1.6853 0.10918 0.00035 3.1818 0.0439 1795 30 1759 24 1786 6
Overgrowths
H2.1 457 4 0.008 0.000050 0.000025 0.09 0.00075 0.00099 0.0050 0.0066 0.05187 0.00110 18.5038 0.1814 101 133 339 3 280 49
H3.1 2413 129 0.054 0.000116 0.000009 0.18 0.01439 0.00035 0.0595 0.0018 0.10299 0.00024 4.5113 0.0853 1167 35 1291 22 1679 4
H4.1 772 6 0.007 0.000020 0.000020 0.04 0.00195 0.00080 0.0138 0.0056 0.05259 0.00104 18.9724 0.1363 277 113 331 2 311 46
H5.1 693 14 0.021 0.000017 0.000014 0.03 0.00613 0.00073 0.0153 0.0018 0.05356 0.00064 19.5119 0.1780 307 37 322 3 352 27
H6.1 674 6 0.008 0.000021 0.000013 0.04 0.00143 0.00057 0.0090 0.0036 0.05348 0.00060 19.2751 0.1654 182 72 326 3 349 26
H7.1 2281 172 0.075 0.000002 0.000002 0.00 0.02178 0.00019 0.0805 0.0008 0.10482 0.00037 3.5945 0.0151 1564 16 1582 6 1711 6
H8.1 3953 177 0.045 0.000000 0.000000 0.00 0.01304 0.00016 0.0893 0.0012 0.10543 0.00018 3.2701 0.0117 1728 22 1720 5 1722 3
H8.2 466 4 0.008 0.000030 0.000023 0.06 0.00206 0.00092 0.0133 0.0059 0.05278 0.00083 18.8887 0.1454 267 119 333 3 319 36
H9.1 523 7 0.013 0.000065 0.000049 0.12 0.00181 0.00197 0.0072 0.0079 0.05228 0.00103 19.1193 0.1852 146 158 329 3 298 46
H10.1 1602 64 0.040 0.000002 0.000002 0.00 0.01105 0.00019 0.0827 0.0016 0.10428 0.00043 3.3608 0.0226 1606 30 1679 10 1702 8
H11.1 503 6 0.013 0.000082 0.000057 0.15 0.00208 0.00227 0.0087 0.0095 0.05349 0.00114 19.0008 0.1968 176 189 331 3 350 49
H12.1 552 5 0.009 0.000001 0.000001 0.00 0.00325 0.00047 0.0201 0.0030 0.05343 0.00080 18.8461 0.1779 402 59 333 3 347 34
H13.1 2086 53 0.025 0.000009 0.000003 0.01 0.00669 0.00015 0.0760 0.0018 0.10302 0.00031 3.4864 0.0165 1481 34 1626 7 1679 6
H14.1 502 3 0.007 0.000061 0.000032 0.11 0.00016 0.00127 0.0012 0.0100 0.05282 0.00104 18.9620 0.2015 25 201 331 3 321 45
H15.1 2771 102 0.037 0.000007 0.000003 0.01 0.01071 0.00018 0.0863 0.0015 0.10555 0.00035 3.3708 0.0159 1673 28 1675 7 1724 6
H16.1 1365 11 0.008 0.000020 0.000020 0.04 0.00208 0.00080 0.0133 0.0051 0.05356 0.00059 18.9422 0.0981 267 102 332 2 353 25
H17.1 507 4 0.007 0.000013 0.000017 0.02 0.00157 0.00075 0.0115 0.0055 0.05297 0.00081 18.6000 0.2005 231 110 338 4 328 35
H18.1 580 4 0.007 0.000094 0.000056 0.17 -0.00107 0.00216 -0.0082 -0.0165 0.05121 0.00151 18.5662 0.2357 0 0 338 4 250 69
H19.1 413 8 0.019 0.000131 0.000065 0.24 -0.00066 0.00251 -0.0018 -0.0070 0.05270 0.00137 19.0223 0.2507 0 0 330 4 316 60
H20.1 2512 170 0.068 0.000069 0.000008 0.11 0.01402 0.00038 0.0577 0.0016 0.10489 0.00041 3.5833 0.0191 1134 31 1587 7 1712 7
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.10. U-Th-Pb isotopic analyses of zircon from the Huckitta Granodiorite
Apparent Ages (Ma)
U Th 204Pb %206Pb 208Pb* 208Pb* 207Pb* 238U*
Grain.spot ppm ppm Th/U 206Pb ± comm.# 206Pb ± 232Th ± 206Pb ± 206Pb ± 208/232 ± 206/238 ± 207/206 ±
11.1 160 88 0.57 0.000095 0.000033 0.15 0.0913 0.0026 0.10628 0.00132 3.1703 0.0563 1765 49 1771 31 1737 23
4.1 237 154 0.67 0.000102 0.000025 0.16 0.0783 0.0045 0.10647 0.00076 3.3127 0.0481 1523 87 1696 24 1740 13
1.1 239 128 0.55 0.000036 0.000014 0.06 0.0909 0.0016 0.10685 0.00065 3.2267 0.0464 1758 30 1740 24 1746 11
13.1 260 150 0.60 0.000000 0.000000 0.00 0.0866 0.0016 0.10714 0.00081 3.3846 0.0502 1679 31 1660 24 1751 14
2.1 378 250 0.68 0.000049 0.000011 0.08 0.0901 0.0014 0.10716 0.00054 3.2018 0.0451 1744 27 1752 24 1752 9
8.3 134 72 0.55 0.000145 0.000050 0.23 0.0963 0.0022 0.10724 0.00117 3.0553 0.0472 1858 43 1834 28 1753 20
17.1 225 108 0.50 -0.000009 0.000000 -0.01 0.0915 0.0018 0.10758 0.00101 3.2257 0.0491 1770 36 1739 26 1759 17
21.1 315 188 0.62 0.000022 0.000013 0.03 0.0926 0.0017 0.10788 0.00082 3.2057 0.0479 1790 34 1749 26 1764 14
16.1 465 462 1.03 0.000037 0.000012 0.06 0.0919 0.0015 0.10789 0.00064 3.2106 0.0462 1778 28 1746 25 1764 11
24.1 174 85 0.50 0.000167 0.000043 0.26 0.0864 0.0023 0.10804 0.00133 3.3027 0.0539 1675 44 1698 27 1767 22
9.3 384 262 0.71 -0.000001 -0.000001 0.00 0.0972 0.0017 0.10809 0.00059 3.1437 0.0450 1875 34 1782 25 1767 10
15.1 216 134 0.64 0.000042 0.000015 0.07 0.0853 0.0017 0.10823 0.00094 3.3246 0.0508 1655 33 1687 25 1770 16
9.1 376 253 0.69 0.000029 0.000017 0.05 0.0902 0.0015 0.10831 0.00062 3.2200 0.0459 1746 29 1740 24 1771 11
9.2 406 300 0.76 0.000026 0.000005 0.04 0.0917 0.0018 0.10842 0.00056 3.1585 0.0470 1774 34 1773 26 1773 9
14.1 403 404 1.03 0.000016 0.000007 0.03 0.0899 0.0017 0.10846 0.00064 3.2137 0.0468 1740 33 1743 25 1774 11
6.1 733 1108 1.56 0.000104 0.000015 0.16 0.0404 0.0006 0.10849 0.00045 3.4605 0.0479 800 12 1622 22 1774 8
5.1 671 880 1.35 0.000014 0.000003 0.02 0.0929 0.0013 0.10852 0.00039 3.1337 0.0435 1796 26 1787 24 1775 7
18.1 242 151 0.64 0.000078 0.000025 0.12 0.0890 0.0018 0.10865 0.00096 3.2469 0.0497 1723 34 1726 26 1777 16
22.1 271 150 0.57 0.000078 0.000041 0.12 0.0915 0.0022 0.10869 0.00108 3.1665 0.0559 1770 42 1768 31 1778 18
11.2 243 127 0.54 0.000007 0.000021 0.01 0.0924 0.0018 0.10880 0.00083 3.2154 0.0479 1787 34 1742 25 1779 14
10.1 702 610 0.90 0.000021 0.000006 0.03 0.0882 0.0014 0.10888 0.00045 3.2994 0.0460 1708 28 1698 23 1781 7
20.1 201 90 0.46 0.000179 0.000081 0.28 0.0920 0.0028 0.10890 0.00151 3.1817 0.0500 1778 54 1760 27 1781 25
8.2 201 137 0.70 0.000000 0.000012 0.00 0.0936 0.0017 0.10905 0.00080 3.1579 0.0467 1808 32 1772 26 1784 13
3.1 903 580 0.66 0.000013 0.000006 0.02 0.0867 0.0013 0.10919 0.00052 3.1682 0.0445 1681 25 1766 24 1786 9
8.1 300 177 0.61 0.000024 0.000006 0.04 0.0934 0.0017 0.10935 0.00061 3.1092 0.0467 1805 33 1799 26 1789 10
12.1 579 714 1.28 0.000025 0.000015 0.04 0.0913 0.0014 0.10950 0.00061 3.2185 0.0454 1767 27 1739 24 1791 10
19.1 452 350 0.80 -0.000021 -0.000009 -0.03 0.0817 0.0014 0.10952 0.00072 3.3446 0.0488 1587 27 1675 24 1791 12
23.1 265 189 0.74 0.000116 0.000028 0.18 0.0799 0.0016 0.10977 0.00104 3.6877 0.0567 1553 31 1523 23 1796 17
7.1 101 33 0.34 0.000144 0.000048 0.22 0.0977 0.0029 0.11354 0.00122 2.9735 0.0468 1884 56 1870 29 1857 19
* Radiogenic Pb: corrected for laboratory-derived surface common Pb using 204Pb.
# Percentage of common 206Pb.
Table 8.11. U-Th-Pb isotopic analyses of zircon from the Inkamulla Granodiorite
Apparent Ages (Ma)
Biotite
sample Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO MnO Cl Sum Na Mg Al Si K Ca Ti Fe Mn Cl charge normalised sample Na Mg Al Si K Ca Ti Fe Mn Cl sum cat Al tet Mg#
Matrix
gr1b1a 0.0814 9.8552 15.4057 35.4524 9.6166 0.0084 4.8725 20.7424 -0.0095 0.6169 96.03 0.003 0.244 0.302 0.590 0.204 0.000 0.061 0.289 0.000 0.017 4.784 22 gr1b1a 0.012 1.124 1.390 2.713 0.939 0.001 0.280 1.328 -0.001 0.080 7.787 0.287 0.459
gr1b1b 0.1046 9.9242 15.4340 35.6654 9.6227 0.0109 4.7747 20.7986 0.0328 0.6505 96.37 0.003 0.246 0.303 0.594 0.204 0.000 0.060 0.289 0.000 0.018 4.802 22 gr1b1b 0.015 1.128 1.387 2.719 0.936 0.001 0.274 1.326 0.002 0.084 7.789 0.281 0.460
gr1b2a 0.0689 9.0713 14.5285 34.1380 9.5144 0.0107 5.5278 21.1523 0.0443 0.6158 94.06 0.002 0.225 0.285 0.568 0.202 0.000 0.069 0.294 0.001 0.017 4.649 22 gr1b2a 0.011 1.065 1.349 2.689 0.956 0.001 0.327 1.393 0.003 0.082 7.793 0.311 0.433
gr1b2b 0.0936 9.3572 14.4896 34.1491 9.7835 0.0012 5.3827 20.9144 0.0618 0.6373 94.23 0.003 0.232 0.284 0.568 0.208 0.000 0.067 0.291 0.001 0.018 4.654 22 gr1b2b 0.014 1.097 1.343 2.686 0.982 0.000 0.318 1.376 0.004 0.085 7.822 0.314 0.444
gr1prof1 0.0688 9.2856 14.5335 34.1825 9.7519 0.0079 5.5228 21.0418 -0.0111 0.6152 94.38 0.002 0.230 0.285 0.569 0.207 0.000 0.069 0.293 0.000 0.017 4.663 22 gr1prof1 0.010 1.087 1.345 2.684 0.977 0.001 0.326 1.382 -0.001 0.082 7.811 0.316 0.440
gr1prof1 0.0833 9.3305 14.5988 34.4782 9.5766 0.0079 5.4006 20.9803 0.0222 0.6346 94.48 0.003 0.231 0.286 0.574 0.203 0.000 0.068 0.292 0.000 0.018 4.678 22 gr1prof1 0.013 1.088 1.347 2.698 0.956 0.001 0.318 1.373 0.001 0.084 7.795 0.302 0.442
gr1prof1 0.3153 9.3557 14.6267 34.5233 9.6938 0.0049 5.5086 20.8484 0.0375 0.6188 94.91 0.010 0.232 0.287 0.575 0.206 0.000 0.069 0.290 0.001 0.017 4.696 22 gr1prof1 0.048 1.087 1.344 2.691 0.964 0.000 0.323 1.359 0.002 0.082 7.820 0.309 0.444
gr1prof1 0.0541 9.3019 14.8353 34.6857 9.6308 0.0165 5.4858 21.3170 0.0274 0.6275 95.35 0.002 0.231 0.291 0.577 0.204 0.000 0.069 0.297 0.000 0.018 4.719 22 gr1prof1 0.008 1.076 1.357 2.691 0.953 0.001 0.320 1.383 0.002 0.083 7.791 0.309 0.437
gr1b3a 0.0944 8.6702 15.0549 35.6372 9.2269 0.0432 5.1961 20.5730 0.0332 0.5557 94.53 0.003 0.215 0.295 0.593 0.196 0.001 0.065 0.286 0.000 0.016 4.723 22 gr1b3a 0.014 1.002 1.376 2.763 0.913 0.004 0.303 1.334 0.002 0.073 7.710 0.237 0.429
gr1b3c 0.0990 9.1118 14.7516 34.8694 9.8161 0.0066 5.6177 21.1193 0.0394 0.6249 95.43 0.003 0.226 0.289 0.580 0.208 0.000 0.070 0.294 0.001 0.018 4.723 22 gr1b3c 0.015 1.053 1.348 2.703 0.971 0.001 0.327 1.369 0.003 0.082 7.789 0.297 0.435
gr1traverse3 0.0974 9.1539 14.5007 34.8443 9.4939 0.0438 5.4132 20.7072 0.0142 0.5773 94.27 0.003 0.227 0.284 0.580 0.202 0.001 0.068 0.288 0.000 0.016 4.681 22 gr1traverse3 0.015 1.067 1.337 2.725 0.947 0.004 0.318 1.355 0.001 0.077 7.769 0.275 0.441
gr1traverse3 0.0920 9.2318 14.3123 34.3429 9.6627 0.0057 5.6292 21.0358 0.0153 0.5865 94.33 0.003 0.229 0.281 0.572 0.205 0.000 0.070 0.293 0.000 0.017 4.662 22 gr1traverse3 0.014 1.081 1.325 2.697 0.968 0.000 0.332 1.381 0.001 0.078 7.799 0.303 0.439
gr1traverse3 0.0888 9.3208 14.5730 34.9412 9.5700 0.1618 5.4923 20.8705 0.0337 0.5392 95.05 0.003 0.231 0.286 0.581 0.203 0.003 0.069 0.290 0.000 0.015 4.715 22 gr1traverse3 0.013 1.079 1.334 2.713 0.948 0.013 0.321 1.355 0.002 0.071 7.780 0.287 0.443
gr1traverse3 0.0436 9.6065 14.6562 34.2570 9.8907 0.0235 4.7582 20.6978 0.0421 0.6587 93.98 0.001 0.238 0.287 0.570 0.210 0.000 0.060 0.288 0.001 0.019 4.647 22 gr1traverse3 0.007 1.128 1.361 2.699 0.994 0.002 0.282 1.364 0.003 0.088 7.839 0.301 0.453
gr1traverse3 0.0551 9.6260 14.7240 34.3464 9.6627 0.0141 5.1566 20.1749 0.0179 0.6021 93.78 0.002 0.239 0.289 0.572 0.205 0.000 0.065 0.281 0.000 0.017 4.658 22 gr1traverse3 0.008 1.128 1.364 2.700 0.969 0.001 0.305 1.326 0.001 0.080 7.802 0.300 0.460
Inclusions
zi1a 0.1291 7.9100 14.0403 33.5965 8.8005 0.0106 4.3778 22.1443 0.0236 0.9422 91.03 0.004 0.196 0.275 0.559 0.187 0.000 0.055 0.308 0.000 0.027 4.483 22 zi1a 0.020 0.963 1.352 2.744 0.917 0.001 0.269 1.513 0.002 0.131 7.780 0.256 0.389
zi1b 0.1613 8.0101 14.1636 33.6367 9.0934 0.0035 4.4846 22.5323 0.0225 1.0092 92.11 0.005 0.199 0.278 0.560 0.193 0.000 0.056 0.314 0.000 0.029 4.521 22 zi1b 0.025 0.967 1.352 2.724 0.940 0.000 0.273 1.526 0.002 0.139 7.809 0.276 0.388
zi2a 0.0639 8.0886 13.8225 33.1774 8.9812 0.0058 5.3784 21.4329 0.0045 0.4142 90.96 0.002 0.201 0.271 0.552 0.191 0.000 0.067 0.298 0.000 0.012 4.482 22 zi2a 0.010 0.985 1.331 2.710 0.936 0.001 0.330 1.464 0.000 0.057 7.767 0.290 0.402
zi2b 0.0494 8.3555 14.4097 33.6292 9.2109 0.0067 5.4145 21.2240 0.0180 0.4391 92.32 0.002 0.207 0.283 0.560 0.196 0.000 0.068 0.295 0.000 0.012 4.561 22 zi2b 0.008 1.000 1.363 2.700 0.943 0.001 0.327 1.425 0.001 0.060 7.767 0.300 0.412
zi5 0.0729 8.3916 14.4010 34.1034 9.1363 0.0271 5.3331 21.2347 0.0333 0.5865 92.73 0.002 0.208 0.282 0.568 0.194 0.000 0.067 0.296 0.000 0.017 4.590 22 zi5 0.011 0.998 1.354 2.720 0.930 0.002 0.320 1.416 0.002 0.079 7.754 0.280 0.413
zi4 1.2075 6.8500 14.1261 36.8139 7.4589 0.2975 4.3279 18.3757 0.0177 0.3904 89.48 0.039 0.170 0.277 0.613 0.158 0.005 0.054 0.256 0.000 0.011 4.558 22 zi4 0.188 0.820 1.337 2.957 0.764 0.026 0.261 1.234 0.001 0.053 7.589 0.043 0.399
zi16 0.2078 9.1801 14.2143 34.0860 9.0089 0.0522 4.2633 20.5444 0.0341 0.2919 91.59 0.007 0.228 0.279 0.567 0.191 0.001 0.053 0.286 0.000 0.008 4.547 22 zi16 0.032 1.102 1.349 2.745 0.925 0.005 0.258 1.383 0.002 0.040 7.802 0.255 0.443
zi10 0.1131 8.9620 14.4018 33.7358 9.0107 0.0013 4.6832 20.9306 0.0233 0.4714 91.86 0.004 0.222 0.282 0.561 0.191 0.000 0.059 0.291 0.000 0.013 4.551 22 zi10 0.018 1.075 1.366 2.714 0.925 0.000 0.283 1.408 0.002 0.064 7.791 0.286 0.433
zi12 0.0617 7.6568 13.6358 32.6385 8.9550 0.0060 4.5357 22.6377 0.0714 1.1256 90.20 0.002 0.190 0.267 0.543 0.190 0.000 0.057 0.315 0.001 0.032 4.406 22 zi12 0.010 0.948 1.335 2.712 0.949 0.001 0.283 1.573 0.005 0.159 7.817 0.288 0.376
zi14 0.1327 7.0044 14.3653 32.8980 8.6344 0.0458 3.8852 22.4260 0.0276 0.85 89.42 0.004 0.174 0.282 0.547 0.183 0.001 0.049 0.312 0.000 0.024 4.392 22 zi14 0.021 0.870 1.412 2.743 0.918 0.004 0.244 1.564 0.002 0.120 7.778 0.257 0.358
zi15 0.0593 8.2150 13.8546 33.4550 9.0475 -0.0007 5.5432 20.9026 0.0098 0.7153 91.09 0.002 0.204 0.272 0.557 0.192 0.000 0.069 0.291 0.000 0.020 4.503 22 zi15 0.009 0.996 1.328 2.720 0.938 0.000 0.339 1.421 0.001 0.099 7.751 0.280 0.412
zi2c 0.0732 8.3035 14.0608 33.4797 9.0492 0.0002 5.3893 20.9995 0.0188 0.4386 91.37 0.002 0.206 0.276 0.557 0.192 0.000 0.067 0.292 0.000 0.012 4.517 22 zi2c 0.011 1.003 1.343 2.713 0.936 0.000 0.328 1.423 0.001 0.060 7.760 0.287 0.413
zi19a 0.1100 8.5636 13.8966 33.5156 8.9108 0.0072 5.4209 20.8350 0.0295 0.689 91.29 0.004 0.212 0.273 0.558 0.189 0.000 0.068 0.290 0.000 0.019 4.519 22 zi19a 0.017 1.034 1.327 2.715 0.921 0.001 0.330 1.412 0.002 0.095 7.760 0.285 0.423
zi19b 0.0878 8.4994 14.1491 33.5034 9.0027 0.0132 5.4459 21.0879 0.0375 0.6691 91.83 0.003 0.211 0.278 0.558 0.191 0.000 0.068 0.293 0.001 0.019 4.540 22 zi19b 0.014 1.022 1.345 2.702 0.926 0.001 0.330 1.422 0.003 0.092 7.765 0.298 0.418
zi20 0.1038 8.9545 14.4597 34.4018 9.0828 0.0141 4.7115 21.1548 0.0325 0.2764 92.92 0.003 0.222 0.284 0.573 0.193 0.000 0.059 0.294 0.000 0.008 4.607 22 zi20 0.016 1.061 1.354 2.734 0.921 0.001 0.282 1.406 0.002 0.037 7.776 0.266 0.430
zi21 0.1147 8.3466 14.2910 34.3684 9.0986 0.0193 5.3146 22.4274 0.0295 0.9302 94.01 0.004 0.207 0.280 0.572 0.193 0.000 0.067 0.312 0.000 0.026 4.632 22 zi21 0.018 0.983 1.331 2.717 0.918 0.002 0.316 1.483 0.002 0.125 7.769 0.283 0.399
zi22 0.0608 7.8561 12.5494 40.8771 7.8418 0.0116 4.9255 18.7869 0.0358 0.3802 92.95 0.002 0.195 0.246 0.680 0.166 0.000 0.062 0.261 0.001 0.011 4.789 22 zi22 0.009 0.895 1.131 3.125 0.765 0.001 0.283 1.201 0.002 0.049 7.413 -0.125 0.427
K-feldspar
sample Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO MnO Sum Na Mg Al Si K Ca Ti Fe Mn charge normalised sample Na Mg Al Si K Ca Ti Fe Mn sum cat An Alb Kfs
Matrix
gr1g2a 1.0781 0.0197 17.9717 61.8500 15.3845 0.0849 -0.0004 0.4182 0.0011 96.81 0.035 0.000 0.353 1.029 0.327 0.002 0.000 0.006 0.000 5.552 16 gr1g2a 0.100 0.001 1.016 2.966 0.941 0.004 0.000 0.017 0.000 5.046 0.42 9.59 90.00
gr1gk1b 1.1101 0.0081 18.0988 62.2201 15.4612 0.0591 -0.0145 0.0587 -0.0082 96.99 0.036 0.000 0.355 1.035 0.328 0.001 0.000 0.001 0.000 5.574 16 gr1gk1b 0.103 0.001 1.019 2.972 0.942 0.003 -0.001 0.002 0.000 5.041 0.29 9.81 89.90
gr1gk1c 1.3249 -0.0148 17.9961 61.7004 15.1454 0.0860 -0.0145 0.0191 0.0135 96.26 0.043 0.000 0.353 1.027 0.322 0.002 0.000 0.000 0.000 5.533 16 gr1gk1c 0.124 -0.001 1.021 2.969 0.930 0.004 -0.001 0.001 0.001 5.048 0.42 11.69 87.89
gr1b3b 1.2624 0.0041 18.5649 63.3692 15.3534 0.0385 0.0020 0.2142 0.0088 98.82 0.041 0.000 0.364 1.055 0.326 0.001 0.000 0.003 0.000 5.685 25 gr1b3b 0.179 0.000 1.601 4.637 1.433 0.003 0.000 0.013 0.001 7.868 0.19 11.09 88.73
Inclusions
zi6 1.2462 0.0044 18.4741 64.0624 14.2141 0.0614 -0.0233 -0.0109 0.0024 98.03 0.040 0.000 0.362 1.066 0.302 0.001 0.000 0.000 0.000 5.695 25 zi6 0.177 0.000 1.591 4.680 1.325 0.005 -0.001 -0.001 0.000 7.776 0.32 11.72 87.96
zi7 1.4467 -0.0034 18.1088 63.7819 14.0845 0.0155 -0.0391 -0.0078 0.0031 97.39 0.047 0.000 0.355 1.061 0.299 0.000 0.000 0.000 0.000 5.655 25 zi7 0.206 0.000 1.570 4.692 1.322 0.001 -0.002 0.000 0.000 7.789 0.08 13.49 86.43
zi9 1.1702 0.0112 17.7314 62.6506 14.3715 0.0616 -0.0098 0.0933 -0.0012 96.08 0.038 0.000 0.348 1.043 0.305 0.001 0.000 0.001 0.000 5.562 25 zi9 0.170 0.001 1.563 4.687 1.372 0.005 -0.001 0.006 0.000 7.803 0.32 10.98 88.70
zi13 1.1490 0.0093 17.7684 62.5639 14.4676 0.0279 -0.0264 0.0217 0.0086 95.99 0.037 0.000 0.349 1.041 0.307 0.000 0.000 0.000 0.000 5.555 25 zi13 0.167 0.001 1.568 4.685 1.382 0.002 -0.001 0.001 0.001 7.807 0.14 10.76 89.10
Plagioclase
sample Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO MnO Sum Na Mg Al Si K Ca Ti Fe Mn charge normalised sample Na Mg Al Si K Ca Ti Fe Mn sum cat An Alb Kfs
Matrix
gr1pl1a 7.2807 -0.0007 25.5185 56.2995 0.1685 8.2406 0.0141 0.0692 0.0187 97.61 0.235 0.000 0.501 0.937 0.004 0.147 0.000 0.001 0.000 5.785 16 gr1pl1a 0.650 0.000 1.384 2.591 0.010 0.406 0.000 0.003 0.001 5.046 38.12 60.95 0.93
gr1g4a 7.0411 -0.0078 27.3378 57.8742 0.2032 7.9980 0.0060 0.1224 0.0022 100.58 0.227 0.000 0.536 0.963 0.004 0.143 0.000 0.002 0.000 5.981 16 gr1g4a 0.608 -0.001 1.434 2.576 0.012 0.382 0.000 0.005 0.000 5.016 38.12 60.73 1.15
gr1g4b 7.2429 0.0178 27.5563 57.9817 0.1883 8.0466 -0.0082 0.0876 0.0011 101.11 0.234 0.000 0.541 0.965 0.004 0.143 0.000 0.001 0.000 6.009 16 gr1g4b 0.622 0.001 1.439 2.569 0.011 0.382 0.000 0.003 0.000 5.028 37.64 61.31 1.05
gr1pp3a 7.8164 -0.0300 25.1349 56.2907 0.1520 8.1029 -0.0056 0.1273 0.0132 97.60 0.252 -0.001 0.493 0.937 0.003 0.144 0.000 0.002 0.000 5.773 25 gr1pp3a 1.092 -0.003 2.135 4.057 0.014 0.626 0.000 0.008 0.001 7.929 36.13 63.07 0.81
gr1pp3b 7.5158 0.0007 25.3263 55.7650 0.1421 8.3419 0.0142 0.2874 -0.0027 97.39 0.243 0.000 0.497 0.928 0.003 0.149 0.000 0.004 0.000 5.754 25 gr1pp3b 1.054 0.000 2.158 4.032 0.013 0.646 0.001 0.017 0.000 7.921 37.73 61.51 0.77
Inclusions
zi3a 2.1684 0.0081 14.2234 34.6957 0.0943 7.1939 0.0041 0.0856 -0.0110 58.46 0.070 0.000 0.279 0.577 0.002 0.128 0.000 0.001 0.000 3.478 25 zi3a 0.503 0.001 2.006 4.151 0.014 0.922 0.000 0.009 -0.001 7.605 64.06 34.94 1.00
zi11 6.8812 -0.0273 25.4382 56.9991 0.1817 8.2011 0.0014 0.0257 0.0039 97.71 0.222 -0.001 0.499 0.949 0.004 0.146 0.000 0.000 0.000 5.809 25 zi11 0.956 -0.003 2.147 4.082 0.017 0.629 0.000 0.002 0.000 7.830 39.30 59.67 1.04
zi8 6.8197 -0.0117 25.4386 57.0142 0.2320 8.1671 0.0024 0.0099 0.0121 97.68 0.220 0.000 0.499 0.949 0.005 0.146 0.000 0.000 0.000 5.809 25 zi8 0.947 -0.001 2.148 4.084 0.021 0.627 0.000 0.001 0.001 7.827 39.29 59.38 1.33
Garnet
sample Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO MnO Sum Na Mg Al Si K Ca Ti Fe Mn charge normalised sample Na Mg Al Si K Ca Ti Fe Mn sum cat Gro Py Alm Spe
Matrix
gr1g1a 0.0094 3.1164 22.2270 36.8783 0.0034 6.9207 0.0332 29.8974 1.4564 100.54 0.000 0.077 0.436 0.614 0.000 0.123 0.000 0.416 0.021 5.040 24 gr1g1a 0.001 0.368 2.076 2.923 0.000 0.588 0.002 1.982 0.098 8.038 19.36 12.13 65.29 3.22
gr1g1b 0.0031 3.7181 22.0683 37.2619 -0.0051 5.7959 -0.0008 29.8736 1.7698 100.48 0.000 0.092 0.433 0.620 0.000 0.103 0.000 0.416 0.025 5.052 24 gr1g1b 0.000 0.438 2.057 2.946 -0.001 0.491 0.000 1.975 0.119 8.026 16.24 14.49 65.34 3.92
gr1g1c -0.0078 3.6472 21.3999 36.2546 0.0159 6.2695 0.0197 29.5014 1.9571 99.06 0.000 0.090 0.420 0.603 0.000 0.112 0.000 0.411 0.028 4.955 24 gr1g1c -0.001 0.438 2.033 2.923 0.002 0.542 0.001 1.989 0.134 8.060 17.46 14.13 64.11 4.31
gr1g2a -0.0046 3.4268 21.2617 36.3090 0.0277 8.1705 0.0231 27.9761 1.4056 98.60 0.000 0.085 0.417 0.604 0.001 0.146 0.000 0.389 0.020 4.949 24 gr1g2a -0.001 0.412 2.022 2.930 0.003 0.706 0.001 1.888 0.096 8.059 22.77 13.28 60.85 3.10
gr1g2b -0.0187 3.7474 21.4023 36.6341 0.0202 6.4849 0.0282 29.7045 1.5050 99.51 -0.001 0.093 0.420 0.610 0.000 0.116 0.000 0.413 0.021 4.986 24 gr1g2b -0.003 0.447 2.021 2.935 0.002 0.557 0.002 1.990 0.102 8.053 17.98 14.45 64.27 3.30
gr1g2c -0.0046 3.7020 21.6460 36.2827 0.0034 7.3060 0.0394 28.9687 1.4199 99.36 0.000 0.092 0.425 0.604 0.000 0.130 0.000 0.403 0.020 4.981 24 gr1g2c -0.001 0.442 2.046 2.909 0.000 0.628 0.002 1.942 0.096 8.066 20.19 14.23 62.48 3.10
gr1g3a 0.0342 3.7843 21.4462 36.5832 -0.0101 6.6848 0.0230 29.3583 1.4602 99.36 0.001 0.094 0.421 0.609 0.000 0.119 0.000 0.409 0.021 4.984 24 gr1g3a 0.005 0.452 2.026 2.932 -0.001 0.574 0.001 1.968 0.099 8.056 18.56 14.62 63.62 3.20
gr1g3b 0.0140 3.6756 21.3086 36.1539 0.0051 7.1302 0.0208 29.4454 1.4235 99.18 0.000 0.091 0.418 0.602 0.000 0.127 0.000 0.410 0.020 4.959 24 gr1g3b 0.002 0.441 2.023 2.912 0.001 0.615 0.001 1.984 0.097 8.076 19.61 14.07 63.22 3.10
gr1g3c -0.0079 2.9542 21.3618 36.5892 0.0067 6.9885 0.0589 30.2508 1.4834 99.69 0.000 0.073 0.419 0.609 0.000 0.125 0.001 0.421 0.021 4.975 24 gr1g3c -0.001 0.354 2.021 2.937 0.001 0.601 0.004 2.031 0.101 8.048 19.48 11.45 65.80 3.27
gr1prof1 -0.0204 3.0328 21.1316 36.0570 0.0227 6.6392 0.0369 30.2989 1.4419 98.64 -0.001 0.075 0.414 0.600 0.000 0.118 0.000 0.422 0.020 4.917 24 gr1prof1 -0.003 0.367 2.023 2.929 0.002 0.578 0.002 2.058 0.099 8.057 18.62 11.84 66.34 3.20
gr1prof1 -0.0484 3.6829 21.5767 36.1139 -0.0009 6.1830 0.0189 29.9428 1.5148 98.98 -0.002 0.091 0.423 0.601 0.000 0.110 0.000 0.417 0.021 4.952 24 gr1prof1 -0.008 0.443 2.051 2.912 0.000 0.534 0.001 2.020 0.103 8.057 17.24 14.28 65.15 3.34
gr1prof1 -0.0109 3.9082 21.4397 36.1899 0.0000 5.6056 0.0051 30.5470 1.4721 99.16 0.000 0.097 0.421 0.602 0.000 0.100 0.000 0.425 0.021 4.956 24 gr1prof1 -0.002 0.469 2.036 2.916 0.000 0.484 0.000 2.059 0.100 8.064 15.55 15.08 66.14 3.23
gr1prof1 0.0313 4.0022 21.3856 36.4353 -0.0042 5.5349 0.0143 30.3429 1.5612 99.30 0.001 0.099 0.419 0.606 0.000 0.099 0.000 0.422 0.022 4.970 24 gr1prof1 0.005 0.479 2.026 2.928 0.000 0.477 0.001 2.039 0.106 8.061 15.37 15.46 65.75 3.43
gr1prof1 0.0109 3.9401 21.4889 36.2451 -0.0160 5.6028 0.0106 30.1753 1.5161 98.97 0.000 0.098 0.421 0.603 0.000 0.100 0.000 0.420 0.021 4.956 24 gr1prof1 0.002 0.473 2.041 2.921 -0.002 0.484 0.001 2.034 0.103 8.058 15.63 15.30 65.72 3.34
gr1prof1 0.0391 3.9835 21.2153 36.6171 0.0017 5.5997 0.0131 30.2270 1.4816 99.18 0.001 0.099 0.416 0.609 0.000 0.100 0.000 0.421 0.021 4.968 24 gr1prof1 0.006 0.477 2.010 2.944 0.000 0.482 0.001 2.032 0.101 8.054 15.60 15.43 65.71 3.26
gr1g5a -0.0202 3.8123 22.6412 37.3157 -0.0051 6.5376 0.0047 29.3757 1.4528 101.11 -0.001 0.095 0.444 0.621 0.000 0.117 0.000 0.409 0.020 5.097 24 gr1g5a -0.003 0.445 2.091 2.924 -0.001 0.549 0.000 1.925 0.096 8.028 18.20 14.77 63.84 3.20
gr1g5b -0.0062 4.0405 22.8851 37.0385 -0.0109 5.6057 0.0127 30.2104 1.5402 101.32 0.000 0.100 0.449 0.616 0.000 0.100 0.000 0.420 0.022 5.097 24 gr1g5b -0.001 0.472 2.114 2.902 -0.001 0.471 0.001 1.980 0.102 8.039 15.56 15.60 65.46 3.38
gr1i2b 0.0262 2.8957 21.5624 36.3394 -0.0165 7.1388 0.6609 30.3071 1.4139 100.33 0.001 0.072 0.423 0.605 0.000 0.127 0.008 0.422 0.020 5.003 24 gr1i2b 0.004 0.345 2.029 2.901 -0.002 0.611 0.040 2.023 0.096 8.046 19.86 11.21 65.82 3.11
gr1g6a 0.0247 2.8927 21.6364 36.5493 -0.0074 7.4365 0.2076 30.0516 1.3966 100.19 0.001 0.072 0.424 0.608 0.000 0.133 0.003 0.418 0.020 5.002 24 gr1g6a 0.004 0.344 2.036 2.919 -0.001 0.636 0.012 2.007 0.094 8.052 20.65 11.17 65.12 3.07
gr1g6b -0.0061 3.2442 21.4801 36.8541 -0.0165 7.6254 0.1969 29.4776 1.3886 100.24 0.000 0.080 0.421 0.613 0.000 0.136 0.002 0.410 0.020 5.019 24 gr1g6b -0.001 0.385 2.015 2.933 -0.002 0.650 0.012 1.962 0.094 8.047 21.04 12.45 63.48 3.03
Appendix 2
gr1g6c 0.0107 3.6465 21.5500 36.6592 -0.0016 7.2997 0.0383 28.9027 1.4271 99.53 0.000 0.090 0.423 0.610 0.000 0.130 0.000 0.402 0.020 4.997 24 gr1g6c 0.002 0.434 2.030 2.930 0.000 0.625 0.002 1.932 0.097 8.053 20.24 14.07 62.56 3.13
gr1g7a -0.0015 3.6243 21.9265 37.2662 -0.0160 7.7995 0.0282 29.0388 1.2079 100.87 0.000 0.090 0.430 0.620 0.000 0.139 0.000 0.404 0.017 5.072 24 gr1g7a 0.000 0.425 2.035 2.934 -0.002 0.658 0.002 1.912 0.081 8.046 21.39 13.83 62.16 2.62
gr1g8a -0.0093 3.7031 21.3795 36.8248 -0.0075 7.2276 0.0231 29.2095 1.3849 99.74 0.000 0.092 0.419 0.613 0.000 0.129 0.000 0.407 0.020 5.004 24 gr1g8a -0.001 0.441 2.011 2.939 -0.001 0.618 0.001 1.950 0.094 8.052 19.93 14.20 62.85 3.02
gr1g9a 0.0203 2.6216 21.6447 36.1111 0.0251 6.9316 0.0743 30.1868 1.5256 99.14 0.001 0.065 0.425 0.601 0.001 0.124 0.001 0.420 0.022 4.943 24 gr1g9a 0.003 0.316 2.061 2.918 0.003 0.600 0.005 2.040 0.104 8.050 19.61 10.32 66.66 3.41
gr1traverse3 0.0125 4.0457 20.7500 36.1020 0.0176 5.9643 0.0200 30.3702 1.5570 98.84 0.000 0.100 0.407 0.601 0.000 0.106 0.000 0.423 0.022 4.929 24 gr1traverse3 0.002 0.489 1.982 2.926 0.002 0.518 0.001 2.058 0.107 8.084 16.33 15.41 64.89 3.37
gr1traverse3 0.0171 4.0374 21.0515 36.1673 0.0134 5.9187 0.0352 30.1606 1.4882 98.89 0.001 0.100 0.413 0.602 0.000 0.106 0.000 0.420 0.021 4.942 24 gr1traverse3 0.003 0.486 2.005 2.923 0.001 0.513 0.002 2.039 0.102 8.074 16.33 15.49 64.94 3.25
gr1traverse3 -0.0031 3.4623 21.3075 36.3936 0.0042 6.4408 0.0303 29.6322 1.4627 98.73 0.000 0.086 0.418 0.606 0.000 0.115 0.000 0.412 0.021 4.945 24 gr1traverse3 0.000 0.417 2.028 2.939 0.000 0.557 0.002 2.001 0.100 8.045 18.12 13.55 65.07 3.25
gr1traverse3 0.0218 3.4598 21.2663 36.0876 -0.0117 6.7689 0.0774 29.9732 1.4477 99.09 0.001 0.086 0.417 0.601 0.000 0.121 0.001 0.417 0.020 4.946 24 gr1traverse3 0.003 0.416 2.024 2.914 -0.001 0.586 0.005 2.024 0.099 8.070 18.74 13.32 64.77 3.17
gr1traverse3 0.0233 3.4608 21.3116 36.2727 0.0117 6.9158 0.0293 29.5234 1.4309 98.98 0.001 0.086 0.418 0.604 0.000 0.123 0.000 0.411 0.020 4.952 24 gr1traverse3 0.004 0.416 2.026 2.926 0.001 0.598 0.002 1.992 0.098 8.062 19.26 13.41 64.18 3.15
gr1traverse3 0.0047 3.2133 21.3077 36.1752 0.0184 6.7475 0.0535 30.2262 1.5040 99.25 0.000 0.080 0.418 0.602 0.000 0.120 0.001 0.421 0.021 4.949 24 gr1traverse3 0.001 0.387 2.027 2.919 0.002 0.583 0.003 2.040 0.103 8.065 18.74 12.42 65.54 3.30
gr1traverse3 0.0264 3.5829 21.0635 36.3207 -0.0084 6.8510 0.0182 29.6366 1.4625 98.95 0.001 0.089 0.413 0.604 0.000 0.122 0.000 0.412 0.021 4.947 24 gr1traverse3 0.004 0.431 2.004 2.932 -0.001 0.593 0.001 2.001 0.100 8.066 18.97 13.80 64.04 3.20
gr1traverse3 0.0249 4.0229 21.1290 36.3010 -0.0193 5.8772 0.0205 30.0846 1.5195 98.96 0.001 0.100 0.414 0.604 0.000 0.105 0.000 0.419 0.021 4.951 24 gr1traverse3 0.004 0.484 2.009 2.929 -0.002 0.508 0.001 2.030 0.104 8.066 16.26 15.48 64.94 3.32
gr1traverse3 -0.0172 4.0049 21.1890 36.2691 0.0042 5.7088 0.0230 30.1641 1.6247 98.97 -0.001 0.099 0.416 0.604 0.000 0.102 0.000 0.420 0.023 4.950 24 gr1traverse3 -0.003 0.482 2.015 2.927 0.000 0.494 0.001 2.036 0.111 8.063 15.81 15.43 65.20 3.56
gr1traverse3 0.0234 3.8947 21.0603 36.6274 -0.0016 5.8944 0.0304 30.3314 1.6120 99.47 0.001 0.097 0.413 0.610 0.000 0.105 0.000 0.422 0.023 4.973 24 gr1traverse3 0.004 0.466 1.994 2.942 0.000 0.507 0.002 2.037 0.110 8.061 16.26 14.94 65.29 3.51
Ilmenite
sample Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO MnO Sum Na Mg Al Si K Ca Ti Fe Mn charge normalised sample Na Mg Al Si K Ca Ti Fe Mn sum cat
Matrix
gr1ia 0.0079 0.3520 -0.0085 0.1543 0.0149 0.0111 50.8728 45.2368 0.3697 97.01 0.000 0.009 0.000 0.003 0.000 0.000 0.637 0.630 0.005 3.845 6 gr1ia 0.000 0.014 0.000 0.004 0.000 0.000 0.994 0.983 0.008 2.003
gr1i2a 0.0000 0.2682 0.0214 0.0504 0.0008 0.0040 50.5870 44.7446 0.3575 96.03 0.000 0.007 0.000 0.001 0.000 0.000 0.633 0.623 0.005 3.806 6 gr1i2a 0.000 0.010 0.001 0.001 0.000 0.000 0.998 0.982 0.008 2.000
gr1i3a -0.0276 0.3094 0.0047 0.0112 0.0171 0.0390 50.4037 45.2442 0.3356 96.34 -0.001 0.008 0.000 0.000 0.000 0.001 0.631 0.630 0.005 3.809 6 gr1i3a -0.001 0.012 0.000 0.000 0.001 0.001 0.994 0.992 0.007 2.006
gr1i4a 0.0138 0.4492 0.0388 0.0338 0.0052 0.0719 50.0217 44.3199 0.3276 95.28 0.000 0.011 0.001 0.001 0.000 0.001 0.626 0.617 0.005 3.777 6 gr1i4a 0.001 0.018 0.001 0.001 0.000 0.002 0.995 0.980 0.007 2.004
gr1traverse3 -0.0098 0.3706 0.1275 0.1169 -0.0179 0.0052 49.8144 44.8664 0.3873 95.66 0.000 0.009 0.003 0.002 0.000 0.000 0.623 0.624 0.005 3.787 6 gr1traverse3 -0.001 0.015 0.004 0.003 -0.001 0.000 0.988 0.989 0.009 2.007
gr1traverse3 0.0663 0.5596 0.4845 0.8554 0.0799 0.0211 45.3082 39.5959 0.3239 87.29 0.002 0.014 0.010 0.014 0.002 0.000 0.567 0.551 0.005 3.497 6 gr1traverse3 0.004 0.024 0.016 0.024 0.003 0.001 0.973 0.945 0.008 1.998
Sample # 200108000155 200108000170 200108000176 200108000247 200108000257 200108000258 200108000259 2002080140
Unit Megacrystic gneiss Indiana Walls granite Quartzofeldspathic gneiss Queenie Flat Granite Huckitta Granodiorite Inkamulla Granodiorite Megacrystic gneiss Granite
Location Near Rockhole Dam SE Harts Range Alooarjara Range Queenie Flat Dam Entia Dome Entia Dome Watsons Creek Atula area
SiO2 wt% 62.49 69.43 56.44 72.31 68.65 70.56 61.13 71.91
TiO2 wt% 1.13 0.70 1.37 0.36 0.22 0.29 1.24 0.35
Al2O3 wt% 15.45 13.59 17.33 13.19 17.88 14.58 15.64 13.27
Fe2O3TOT wt% 8.94 4.40 9.62 2.87 1.93 2.58 9.91 2.59
Fe2O3 wt% 7.99 1.01 4.43 0.94 0.98 1.32 3.54 1.60
FeO wt% 0.86 3.04 4.67 1.73 0.86 1.14 5.73 0.90
MnO wt% 0.14 0.06 0.16 0.03 0.04 0.04 0.16 0.04
MgO wt% 1.91 1.23 2.56 0.46 0.85 0.86 2.00 0.36
Ca wt% 3.79 1.95 6.13 1.48 3.74 2.61 4.23 1.63
Na2O wt% 2.17 2.43 3.05 2.75 5.29 3.66 2.17 2.60
K2O wt% 3.49 4.65 1.50 4.98 1.30 3.13 3.42 5.78
P2O5 wt% 0.36 0.17 0.58 0.14 0.09 0.10 0.41 0.07
SO3 wt% 0.06 0.03 0.09 0.03 0.03 0.04 0.05 0.03
LOI wt% -0.01 1.56 1.51 1.52 0.01 1.53 0.11 1.29
OEquiv wt% -0.10 -0.06 -0.10 -0.05 -0.02 -0.03 -0.07 -0.04
MLOI wt% -0.14 1.20 0.94 1.31 -0.10 1.38 -0.56 1.18
REST wt% 0.23 0.22 0.29 0.14 0.11 0.23 0.25 0.23
TOTAL wt% 100.15 100.12 100.17 100.10 100.05 100.07 100.12 100.16
Ag ppm 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.0
As ppm 3.1 2.2 2.6 1.8 2 2.3 2.9 -0.5
Ba ppm 779 875 1045 424 211 1161 988 1,034.0
Be ppm 1.3 1.8 2.1 2 1.5 1.1 1.3 3.0
Bi ppm -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
Cd ppm -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
Ce ppm 129.5 127.8 111.2 129.6 44.6 50.31 83.12 131.4
Cr ppm 44 30 18 5 -2 16 42 3.0
Cs ppm 2.25 5.33 0.99 6.55 1.64 1.6 1.54 1.7
Cu ppm 28 17 79 5 5 5 32 6.0
Dy ppm 7.37 6.75 7.55 4.29 0.43 1.28 7.65 8.8
Er ppm 4.58 3.27 3.82 2.62 0.23 0.6 4.73 5.4
Eu ppb 2043 1468 2719 745 427 646 2363 1,677.0
F ppm 2229 1270 2191 1034 454 519 1589 883.0
Ga ppm 21.9 18.2 22.8 17 17.2 16.9 22.8 16.6
Gd ppm 9.09 6.78 9.29 4.05 0.88 1.92 8.59 8.9
Ge ppm 1.7 1.4 1.5 1.4 1 1 2 1.4
Hf ppm 8.4 8 7.7 6.3 2.2 2.6 7.1 9.2
Ho ppm 1.6 1.3 1.5 0.9 0.09 0.24 1.67 2.0
La ppm 59.35 33.36 57.25 40.65 28.44 32.48 40.56 67.6
Lu ppm 0.84 0.49 0.46 0.43 0.06 0.09 0.75 0.8
Mo ppm 0.4 0.7 1.2 0.8 -0.1 -0.1 0.2
Nb ppm 20.7 13.9 14.1 14 5.3 5.6 24.2 16.4
Nd ppm 53.19 32.04 57.02 31.64 14.23 17.45 39.89 58.5
Ni ppm 26 21 23 12 12 17 27 16.0
Pb ppm 16.5 42.1 -0.5 22.7 25.2 22.5 17.2 31.1
Pr ppm 12.56 8.06 12.89 8.57 4.08 4.79 9 15.6
Rb ppm 161 190.6 75.8 241.7 50.5 76.9 115.4 239.2
Sb ppm -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.1
Sc ppm 21 13 26 8 2 6 23
Sm ppm 10.08 7.58 11.33 5.43 1.59 2.58 8.38 10.8
Sn ppm 1.3 3.6 2.9 4.4 0.7 0.7 1.4 6.5
Sr ppm 172.3 96.6 458.2 83.6 433 404.6 204.6 100.9
Ta ppm 1 1 0.6 1.8 0.4 0.5 1.4 2.0
Tb ppm 1.19 1.1 1.29 0.68 0.08 0.24 1.25 1.6
Th ppm 19.7 24.2 0.8 13.7 8.9 14.3 5.8 18.5
U ppm 0.76 2.04 0.32 2.26 0.71 1.2 0.6 3.3
V ppm 88 63 104 14 15 36 89 5.0
Y ppm 44.7 31.7 38.1 16.7 2.8 7.2 49 50.9
Yb ppm 4.58 2.77 2.74 2.57 0.27 0.57 4.25 4.9
Zn ppm 103 61 112 28 33 35 104 36.0
Zr ppm 263 253 320 169 80 92 288 267.0
Appendix 3
